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"|tBII>0 (li-bid'c), defined by Freud as “the [ 
ener|[y of those instincts which have to do ) 
with all that may be comprised under the j 
word ‘Love’ ” Jung enlarged the concept | 
so that for him it describes the energy 
resident in all instincts. Libido ts usuaEy ) 
considered to be synonymous with other j 
such vague conce^s as vital and 
•J psycho-pbysioJogjca} energy It is claimed 
intellectual processes as measured by intelli- 
of dearness and speed, but the measurement 
gy of a "wish'’ is more difficult, because the 
considered to be the inner feeling of need I 
• sets appropriate to its appeasement, may 1 
on in measurable overt conduct on account I 
'G (unconscious) and suppressive (conscious) j 


l 

oan goddess of funerals She had a sanctuary 1 
(perhaps on the Esquihne), where, by an 
s Tullius, a piece of money was deposited 
lok place. Here the undertakers (hbilinani), 
funeral arrangements by contract, had them 
ng necessary was kept for sale or hire; here j 
gistered for statistical purposes By anti- ( 
IS sometimes identified with Persephone, but > 
irtly or completely) with Verms Lubentia or j 
onfusion Libitina may, however, have been ! 
joddess cramected with luxuriant nature and [ 


tie (cf lub-et, Ub-tdo) , then, all such deities 


1 the underworld, she also became the goddess 
side of her character predominated m the 


koscher's Lexikon der Mytkahgie, s v 
■t architect, bom at Ehs, who was employed 
emple of Zeus at Olympia (y t' ) about 460 
I 3)- 

town of south-western France, capital of an 
he department of Gironde, at the conSuence 
Dordogne. 22 m, EK-E of Bordeaux on the 
tie Pop (1926) 14 -,i 84. The nver is tidal 
14 ft can reach the tovfn at the highest rides 
an ancient site Under the Romans Cordate 
south of the present Lsbourne, it was de- 


entury Resuscitated by Charlemagne, it was 1 


rebuilt m lafig under its present name and on the site and plan 
It still retains, by Roger de Leybourne (of Leybourne in Kent), 
seneschal of Gmenne, acting under ihe authority of King Edward 
I of England It sufiered considerably in the struggles of the 
French and English in the r+th century The church of St Jean, 
restored isth-century Gothic, has a stone spire 232 ft. high On 
the quay a i4th-cen.tury ciock-iower survives from the old ram- 
parts. and the hdtel-de-viUe is a quamt relic of the i6th century 
Libourne is the seat of a sub-prefecture and of tribunals of firnt 
instance and of commerce Trade is in local wines and brandies. 
Printing and cooperage are carried on 

LIBRA (TTie Balance), m astronomy, the 7th sign of the 
zodiac, denoted by the symbol si, resembling a pair of scales, 
probably in allusion to the fact that when the sun enters this part 
of the ecbptic, at the autumnal equinox, the days and nights are 
equal 

LIBRARIES.. A b'brary (from Lat. Itber, book) is a collec- 
tion of printed or written literature The earhest libraries of the 
world were probably temples The earliest collections of which 
we know anything were collections of archives 

AHCIENT LIBRARIES 

Assyria . — In the course of his excavations at Nineveh in 
1850, Layard came upon tablets of day, covered with cuneiform 
characters These varied in size from i to 12 in square It is 
estimated that this library consisted of some 10,000 distinct 
works and documents The tablets appear to have been methodi- 
cally arranged and catalogued, and the hbrary seems to have been 
public. {See Babylonia and Ntppto ) 

Ancient Egyptian Libiraries.— At an early date Heliopolis 
was a literary centre of great importance, with culture akin to the 
Babylonian Attached to every temple were professional senfaes 
We possess a record relating to “the land of the collected works 
(library) of Khufa," a monarch of the 4th dynasty, and a similar 
inscription relating to the library of Khafra, the builder of the 
second pyramid At Edfu the library was a small chamber jn 
the temple, on the wall of which is a list of books (Bnigsch, 
History of Egypt, 240) The exact position of Ikhnaton’s 

library (or archives) of clay tablets is known A library 
of charred books has been found at Mendes (Egypt Espl Fund, 
Two Hieroglyphic Papyn), and we have references to temple li- 
braries in the Silsileh “Nile” stelae and, perhaps, in the Harris 
papyri The most famous of the Egyptian libraries 15 that of King 
Osynundyas (Raineses II, 1300-1236 ja a) described by Dio- 
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LIBRARIES 

„ o e » ).«» , •■■>'?“ yf-S"' ‘°„s tto creitcii by UIpius 

i:e^.nc Ac^orainsr to E’j?t£t 3 w’-s important nf l i P , j „ afterwards jemoved to 
-,4W. A. '-h. t.,b» I I.o»n..„, ,h.cb b,A 

a “ ; to tetWrf by a™ b. a. mp. of Commodos. res tod by 
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■bt bLura cf’-tctcr 

Sar:c 5 rLe 

jiac Arj’i-'de f s^acLs 1 -ti; 

, a spg^S, cohaczioa of works apomnedi' 
led to hj've been tbe 5 ist of the Greets 


to it rite 62jOOo books bcQueathed to^huir 
as. In the 4tb. century there vore said to 


-or. 


-O’ Tt - .A 
-L r.fi I:e p'r.yji 
b'd '' tty 
rAjL't tf- at j-t 


i 


Ci. TVc^rc ^ j - 

\i±etiun. Xicomtes of * Gordian, isho addad 

At Cnidus ! bf Sereaus SaaiEionicus. 

fivv-fc been 2$ pubbc bbranss in Rome 
RomL P?oriacial Librafies.^The library whi* the 
vouneer Phnv gave to Comtim cost a rmihon sesterces, Hadmn 
establshed one at Athens, described by 

Identified with tb? Stoa of Hadrian At Ephesus and at fimpd 
in Aigeria, the stnirtural plan of the horary builclips is cipr 
<R Ca<^nat Res Bibhotheques mumcipales dans lEmpre Ko- 
LmrUod mm-deVAcad desln,c,tovn sxxwii pt j) A 
private kbrary discovered at Herculaneum contained r, 75 h rWis 
on shelves round the room, to a height of abpt 6 ft , with a 
central press The Christian libraries closely followed the classi- 
cal procotj-pes r , , 

The names of several h'brarians (generally slaves or frcedmen,i 
are preserved to us in inscriptions, including that of C Hyiiie- 
sort of t naeus ph5'sicuiH and librarian to Augustus 

■ Constantinople. — When the seat of empire was retnoved by 

Constantine to his new capital upon the Bosporus, the emperor 
established a collection there Constantine’s library, whiAh con- 
, tamed 6 900 vols , was perhaps mamiy intended as a reposUoiy 
i of Christian literature, it was greatly enlarged by jfuhau and 
Theodo'ius, at whose death :t is said to have increased to too, 000 
volumes Juh'an not only augmented the library at Constanti- 
nople but rounded others 

As Christian literature grew, Kbraries became pait of the ec- 
clesiastical organization, and it became the rule to attach one to 
every church. The largest of these libraries, that founded by 
Pamphilus (d A d. 309) at Caesarea, and said to have been in- 
creased by Eusebius to 30 000 vols . is frequently mentioned by 
Si Jerome St. Augustine bequeathed his coilectinn to the library 
of the church at Hippo, which was fortunate enough to escape 
destruction at the hands of the Vandals. Even the hermit com- 
munities of the Egyptian deserts, out of which developed the 
later monastic orders, accumulated books 
With the removal of the capital to Byzantium the iilraries of 
Rome ceased to collect the writings of the Greeks, while the 
Greek libranes bad never cared much to collect Latin literature 
The church became increasingly hostile to pagan letters The re- 
peated irruptions of the barbarians soon swept the old learning 
and libraries alike from the mil of Italy With the close of the 
.mcnec 'Ye post and gramnianan, Eupbonon of Chalas, to be Western empire in 476 tie ancient histoiy of libraries may be 
In ? ' brcfh.n said to cease 

Etwns, — It is net until the last century of the republic that 
we .nezr of libraries in Rome, with the e.reepliori of the writings 

Cl Mago upon agriculture The firs: considerable collections of Gaul. — ^During the first few centime? after the fall of the 

wn.th we hear m Roire were brought there as the spoils of 'war. 

Tfte library of Perseus was ad that Aemihns Paulus reserved from 


c-T 3 iCrge --ccle Pbio is knoTO to have 
;r'i Xenl-.hn- tells as of the iibrary of Eatny- 
rv 01 Afiito.re was oequeatheC by ham to his 
and b’’ Tteuphraslus to Xeleus, who ccr- 
v.oe.e it a sa-d to have been concealed uuder- 
:e ’.terary cupidity of the kings of Peigamum 
^ 'bf bbrenes cf .Aletandna were the most im- 

uc» W,' as were the T.'ut celebrated of the ancient world 
Aiex3Atdria.~.ptolexj Soter hac it seems, aireedy begun 
re -o.k:: ~0CL5 btt a: was m the reign of FLoicin.v Pmiadelpbus 
.mrar'es were propttn estenhshed in separate bui-icings 
Trere'"ve:e*two' ccranes a: AJesaudna; ±e larger m the Bru- 
.mV-r. quarter was in ccsmecticn mm the museurc. 
iTziemy while the RtmfiET tvas in me Senpeutn The number ot 
was very jame srJiot.gh it is d-SicjIt to aitain any ccr- 
iclni" axergst 1 cry me accounts, stici; as ctosc ot Tzetzes (42,800 ^ 
in the hc'ape-”-r ;itd'’4qocco in the Brucbeumi -Aulus Geiuus t hmM 6900 
^ -1: occ’s and Senss-i ' a3C.oco ! It shoifid be observed that, as ' 

.oe amient roll or vo.uEe usuiily contained less matter than a 
mc.lem book these numbers must be discounted for comparison 
'fifth me dam callfichons Toe first fi%e librarians appear to hare 
been Ze- cdotus Caiiia-chus, Erdiosthenes, Apollonius and Aris- 
'.cpi'mes, trey cover about u centcry Some of tne first experi- 
mart^ ir. v^bliograf'Sy were the ^.ataiogues of the Aiexandnan 
„ r-nes Amongs: ainer lists, two were pcepareo by order of 
Ftowny PbHdchhus one of tragedies, the other of comedies 
The sTii'wes or CJflmachos formed a caulogue of ail the prm- 
cioal Cooks arranged in 120 classes After the tune of Aureliati, 
tns Ser-pem. necame the pnacipsl library’ The usual statement 
.net the libraraes contimied to fiourosh until they 7 ,si:s destroyed 
in *. n tio 4.ar> hardly he suppOTced 
The Pesgamusn.-— German researches in the acropolis of 1 
PersarruiE revealed four library rooms (A 1 Conze, 

ft-rgC'.iM. Eibhzidik. : 8 S 4 ). Despite the embargo placed 
ui the Pijiemies upon the erport of papyrus the library, when 
it ws= trjvizcrte:; to Egypt numbered 300,01x3 volumes We 
Varc trom Sffidai tnai in on sc Antioenus the Great sum- 


;he -Drues of victory ;':6; b c l for himself and his sons Nest 
^ame * he !ii2r..iy ot Apellicon the Teian, brought from Athens by 
hifili > s'3 s r The sea. of Cicero and Atucus. in adding to 
»hwr ccllettions is veil krown TsTanrion Is said to have had 
to oon loh. of his, own, and Cicero wrote to M Terentius Vatro. 
£i hor.uni in bibhotheca fcahes, nihil deerii” The honour of 
Itstlng .re first attnaliy 10 dedicate a library’ to the public is said 


MEDIAJATAL PEKIOH 

Gaul. — ^During t! 

I 'Western empire in the West, as in the East, few cared for leani- 
ing. Sidooius Apolhnan's te 3 s us of the libraries of several priv ate 
collector m Gaul 

During the 6th and 7th centuries in the Irish monasteries there 
appear to have been many books The iibrary oi York, which 
was founded by Archbishop Egoert, was ahnost more famous 
than that of Canterbury, and was described in verse by Alcuin 
The inroads of the Northmen in the gth and lotli centuries had 
been fatal to monastic libranes The correspondence oi Lupus 


ay Pliny and Oril tc ha\ e Chen to G Asirnus PoIIio, who erected f Servatus, a pupil of Hrabanus Maurus at Ftiida, and afterwards 
a . 'ni-ry xa the Atrium Lmertana on Mount Aventoe Augustus ! abbot of Ferribres, illustrates the paucity and dearness of books, 


erected two unraries the Octanan and the Palatine The fonner | the dechning care for learning, and the increasing troubles of the 
fo’Jnfci ( ? j sc ) in honour of his sriter, the charge of the | time. Charlemagne coiletted a number of choice books for his 
cusks oring c«K3iu:e<i to C Melissus. The Octavian and Palatme ’ 
bfcriries^ perished by fire; the story that the Palatine was de- 
stnytsi by order of Pope Grefoty the Great in the 6th century is 
nnw y re ected T.berias. the immediate successor of 


Vjffustts, e^ta’riisbed on the Palatine wha: GelLus refers to as 
’ Tfi-^rian kbrary ' Vespasian established a library in the 
Peace erected after the burning of the city under 


private use. Although these collections were dispersed at hi$ 
death, Ms son. Louis, formed a hbraiy which continued to exist 
under Charles the Bald. But the greatest private coOector of the 
middle ages was doubtless Gerbert, Pope .Sylvester II 
St. Benedict.— For the neitt four or five centuries the collect- 
ing and multiphcatioa of hooks were almost entirely confined to 
the monasteries In each new y founded monastery there was to 
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be a library at velut or a q aedam dhalnt n auctorunt hat 
s of el g ous v.r texs Mon e Cass no became the s.tart ng point 
of a long trad c on Of the reformed Benedii-tiiie orders the 
Carthusians and the Cistetaans were those most devoted to 
literary pursmts The abbeys of Flenry, of Melk and of St Gall 
were remarkable for the splendour of their libraries The Au- 
gustinians and the Dominicans rank next to the Benedictines The 
hbrsnes of Ste Genevieve and St Victor, belonging to the 
former order were amongst the largest of the raoaasdc collections 
Richard of Bury praises them for their dihgeace in toUectmg 
books. Sir Richard Whituagton famit a large h'brary for the Grey 
Friars in London, and they posbessed considerable libraries at 
Oxford 

Monastic Libraries, — ^In Italy, the earliest and most famous 
was Monte Cassino, which fell a prev to the Saracens ana to fire in 
the 9th century The library of Bobbio was famous for its palimp- 
sests, the coUetPon was mainly transferred to the Ambrosian 
library at Milan, 

Of the monaspc libraries of France the principal were those 
of Fleury, of Ciimy, of St Riquier and of Corbie. The library of 
St Riquier, in the time of Louis the Pious, cuntamed 236 mss , 
wnh over 500 works Of the collection at Corbie m Picardy we 
have also catalogues dating from the rath and from the X7ih cen- 
turies In 1658, 400 of Its choicest manuscripts were removed to 
St Germam-des-Pres. The remainder were removed afier 1794. 
partly to the national library at Paris, partly to the town hbrary 
of Amiens 

The chief monastic libraries of Germany were at Fulda, Cor- 
vey. Reichenau and Sponbeim The library of Convey on the 
Weser, after being deipoiled in the Reformation was presented 
to the University of Mcrburg in 1*5x1 Tne hbrary of Reichenau 
fell a prey to the Thirty Years' War The library at St Gall, 
formed as early as 816 by its second abbot, stiil exists 

England. — ^Jn England the principal toJiections were those of 
Canterbury York Weaimouth, Jarrow, Whitby, Gbstonburjb 
Cfowland Peterborough and Durham The hbrary of Cbnst- 
chnich, Canterbury, originally founded by Augustine and Theo- 
dore, contained, in the 13th or i4i-h century, about 5,000 works 
It was destroyed by the Danes about S67. Of Whitby there is a 
catalogue of the rcth century. The catalogue of Glastonbury has 
been printed by Hearne in his edition of John of Glastonbury 
The library of Crowland perished by fire in logr, Peterborough 
was rich, from a catalogue of about the end of the 14th century, 
It had 344 vols , with nearly 1,700 titles The catalogues of 
Durham have been printed by the Surtees Society (The oldest 
catalogue of a Western hbrary is that of the monastery of Fon- 
tanelle in Normandy fSth century] i Many catalogues may be 
lound in the collections of D’Achery, Martens and Durand, and 
Fez, in the bibliographical periodicals of Kaumann and Petz- 
holdt and the Zentr&Tblatt J. BibliothekiweKn The Rev 
Joseph Hunter has collected some particulars as to the contents 
of the Engiish monastic hbranes,* E, Edwards has printed a li«t 
of the catalogues {Libraries and Founders of Lihrnries, 1865. pp 
448-454. See also G. Becker, Caialagi Bibiiothecarum Antiqm, 
[1885] ) In ihe 14th century the Franciscans compiled a gen- 
eral catalogue of the mss m 160 English hbranes, snd about 1400, 
John Boston, a Benedictine monk of Bury, catalogued the libra- 
ries of 19s rehgious houses m England and part of Scotknd 
(Tanner, Bibl Bnt Hiber^t, 174S) Leland’s list of the books he 
found during his visitation of the houses in 15,39-45 is printed in 
his Collectanea. The identification of the early provenance of 
mediaeval mss has been greatly advanced of late years, espeaally 
by the works of M R James, both by catalogues of exisung col- 
lections and publications of surviving monastic catalogues e.g , 
those of Canterbury and Dover (19097. {See, generally, J W 
Clark, The Care of Books [1909], and E A Savage, Old English 
Libraries, 1911 ) These catalogues, with many others, aiford 
abundant evidence of the limited swe and character of the monkish 
collections 

The Development of Library Arrangements. — Modem li- 
brary methods began with the rule of St. Benedict early in the 
fitii century In the 4Sth. chapter the monks were ordered to 


borrow a book ap ece and .0 read A straight through In many 
houses the treasury or spendiment contained two classes of books 
—one for the monks generally one more closely guarded A press 
near the infirmary contained books used by the reader in the re 
fectory. By the end of the 15th century the larger monasteries 
found the necessity of a separate liOxaiy apartment Libraries 
were specially built at Canterbury, Durham, Citeaux, Clairvaux 
and elsewhere, and there grew up increabed liherahiy in the use 
of books. By the J5th century, coilegiaie and monastic hbranes 
were on the same plan the books bang laid on desks or lecterns, 
and chained to a horizontal bar As the books increased the ac 
commodauon was augmented by one or two shelves erected abor'e 
the desks The libiary at Cesana is still m its ongmai condition 
The Laurenuan hbrary at Florence was designed by Michelangelo 
on the monastic model There were no ctiains m the library of the 
Escoaal, erected in 1584, which 'showed, for the first time, book- 
cases placed against the walls Chains continued 10 be used in 
England in church libraries down to the early part of the i8th 
century, as at Wimbome, Triple desks and revolving lecterns, 
raised by a wooden screw, formed part of the lifar,*ry furniture 
The Enghsh cathedral libraries were fashioned after the same 
prinaple E>' the end of the 17th century the type of the public 
library developed from collegiate and monastic prototypes be- 
came fixed throughout Europe The hbrary of St John’s college, 
Cunhndge (rfith ceniuryj and the Bodleian at Oxford are 
slightly developed from the mediaeval type In that of Trinity 
college, Cambridge, the walls are covered with books and the 
windows are raised (H R. Tedder ' Evoluiioa of the Public 
Library, ’ in Trans of 2nd Jnt Library Conference, 1897, 1898.) 

Axabtans. — Greek manuscripts were eagerly sought for and 
translated into Arabic, and colleges and libraries everywhere arose, 
{ notably at Baghdad, Cordova, Cairo and Tripoli The royal li- 
1 brary of the Fatimites in Africa, and that collected by the Omay- 
yads of Spam are reported, perhaps with exaggeration, to have 
contained 100 000 and 600,000 mss It 15 said that there were 
no le's than 70 libraries opened m the cities of Andalusia. 

Renaissance.' — In the 9th ceniuiy, under Leo the Philosopher 
and Corstantme Porphyrogenitus libraries of Constantmople 
awoke into renewed life. Meanwhile, in the West W'O find arising 
outside the monasterits a taste for collecting books Charles V. 
of France fonned a considerable library of gio vols , including 
much newer literature, and had a catalogue of them, prepared 
in 1373 Guy, earl of Warwick, formed a collection of French 
romances, which he bequeathed to Bordesley abbey in 1315 
Richard of Bury, the doubtful author of the PhUobibhri, amassed 
a noble collection The taste for secular literature and tor the 
classics gave a fresh direction to collectors, and a disposition to 
encourage literature began to show itself Cosimo de’ Medici 
formed a Hbrary at Venice while living there in emle m 1433. 
and on his return to Florence laid the foundation of the great 
Medicean library Niccolo Nrccoli had already, in 1436, left his 
library of over 800 volumes for the use of the public Frederick, 
duke of Urbmo, and Poggio Bracciolim, were among the chief 
collectors of the Latin mss buried m monastic libraries Beyond 
tne Alps, Matthias Cotvinus, king of Hungary, amassed a great 
collection of splendid manuscriprs With printing fine modem 
history of hbranes may be said to begin, 

MODERW BRITISH LIBRARIES 

State Libraries, British Museam.~Tbe British Museum 
ranks in importance before all the great hbranes of the world, 
except the National Library of France, and excels in the ar- 
rangement and accessibility of its contents. The hbrary consists, 
of about 3,200,000 printed vols and 56,000 mss ; the shelves 
measure about 55 miles This extraordinary opulence is princi- 
pally due to the enlightened energy of Sir Anthony Panixsi (gv ). 

The foundation of the British Museum dates from 1753, when 
effect was given to the bequest (in exchange for Iso ,000 to be 
paid to his executors) by Sir Hans Sloane, of his books, manu- 
scripts. curiosities, etc , lo be held by trustees, for the use of the 
nation. A bill was passed through parharaent for the purchase 
of the Sloane collections and of the Harlmn mss costing 
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;fra; Ui'i ewaies at pur~ 
a'-cciKniodatloL tfee 
;r. Moritagi-e House ar*d 
ia 1:63 Gecrge HI pre- 
Ti.K'’':r i:n e a:c vols ? of D\il War and 

Tii Re' C M Cracfcerode cequeattied 
* >" of chc:..- buaa; tn i;;?- a.nd Sir Joseph Basks bis 

„nr,’a :iczz o's f: r.r ur^’. ht'ccry aau favds tn iSao Of 
I’ki.r bt'-ar;;: ~ ‘'nc me '■rrjOTa’ed ia tfee s'useuir'. the most 
< i.s-. ‘L ire > i - --z^ in s ^olmcusa. 1 3 00a voiames cf tracts and 
n; ,1' \rU ,< bork; v.btcii transferred f:or a pe- 

ar.;l-" r; Ge^/rg: IV in iS;3 and tnat of tbt 
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i ee e4a rols. rare books he- 
Tbs Cracherode Backsian, Jang's and Gren- 


-3 stil nreser-sd as separjite coaecttans 
er.i-'os c: newspapers s'aVing ’^rtb tbose m ibe 
"''rriiocs ; 


j\.gr- ns" it-' 
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'■)jt 
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Trnr.'.s3~. nrf Eurr.ey cfEcciiocs are unique, pravincial news- 
r,*pers beve sxce JQrd been stered a: a repoittori at Eeadoa 
‘j: nfWtpipa.'s cuhfesntci tn tie United Kingdom 3, tad are amm- 
_'.y Lsc and bcurd 

Tits de j»rtrr,Kn' of mss iS equal in importance to that cf the 
rnmed ':cd*:s Tae coikcticn of En^cpean mss contains 54,0(30 
m[' , o',_r i; acv rr>’!5 a nch senes of CEarters etc , and a vast 
ruasut” cj pope's, ranging frem the 3rd century bc down *0 
'-'jr f'*m nrcES. ang includes the Code^ Atexendmus of the Bible, 
the cic aiitti.cai chronicles cf England, tie charters of the 
AngiC-uanon Lrgs, the Arifejrua romances, and also unpnnxed 
strrks b;,' English vriters Tae lamotis collections of mss made 
C'i b'l: R. inert Cotton and Robert earl of Oxford, iove 

amesj} 'eeri mentioned and from these and other sources tiie 
,Tu*ei.n: itts becutre nch. in early Arglo-Saxon and Latin codices, 
sjcfe as Beofiuf, the charter'' c: King Edgar and Henrj' I to 
Hjde otibtfj', tifci.Y. tre wntten in gold letters, or the Lmdisfarne 
goipcE Ai> coamiruRg the earliest extant Anglo-Saxon 
version of tna lalm gospels The museum can boast of an early 
copy of tie Ihjd, and one ot the earliest known codices of the 
Among t.te anm'all'’d collection of Greek papj’n are 
'he unique lass of s?''erl works of ancient Lteratore, such as Ans- 
toi-le, O': the C'insnumn of Atke^, the Mmes of Herodas, and 
the O'it'S (if EuCch-'ices Irish, Erencn and I'aiian mss are well 
rspreseetfd For s’iuntmaied mss special refecence may be made 
to 'ihe LtriEsiame GospeU the Bedford Hours the Sf(W2a Book 
f Hours and Queen Man s Psmter The collections of local 
and Uriuy hi=roiy, of maps and of music are very nch Oiieotal 
wmted luoki u-Sooc', ami mse (tb.’oo> ferm, since 1893, a 
5ep-er,.m dcpirtmest Tne collection includes the library formed 
tc Mr RkU i ccnsul at Baghdad m the early part of the igth 
century 1 ; the Ch'-mbers tollecuon of Sassknt mss , and a 
Ebran' ^ of Hebrew mss , inci jdmg that of tie great scholar, 
Mirfelis and combes of great age, brought from Yemen. The 
cjAectiOE of Syrice nss is important. 

Toe bulking m wHch the library is housed was opened m 
3 ? 5 r- Tk readiag room is surrounded by hook stores placed in 
in>n 3!?cks Ik ongia of the more modern steel stacks, in these 
a,e filled Lcemg and roiiicg auxiharj' bookcases. The presses 
msh *fc; resdmg-roo.'a contain upwards of So.(3oo vols ; to those 
0® the «r^d &or <:c,coo'!, readers have direct access. The 
Eistcry M'ise-iim. South SenshiftoB, a department of 
tk Hntim Musean under separate management, has a library of 
cwk 0*1 lie Eif.i'a; seknees niaahering over 100,000 volumes 
i’feteE QBm aacE otbet State Lihtaries—The fewest tech- 
val library' m tfe cssmtry is ihat of the Patent OfSce m South- 
sk|ksc Tne ISiraiy' contains 220.000 tmlqnies 


aer^spackl Horary is few National Art Library im&- 
,«Ts*. tn bauck Kenangttm k 135& It contains about 15c ooo 
asn,»o ifetapaphs. For science there is the library 
Kasagto,!, whies was founded w 
{tTimoc v&s.) It is &votec to pure and applied saaace- 


t Tjair ams b des ts own subjec ca alogue an tides to sc en 
Life nook and ne.iodicals 

; The oniy other State libraries which are open to the public 
I ar® tnose of the Board of Education (50,000 vols }, the Ministry 
! of’'Agrmuiture, the Imperial Institute and the Imperial War 

' Aluseuri ,1,^1 

’ Among the other State IiDiaries in London may bc oneily mtio. 
j as follows — Admiralty (170^’) ioo,oco vols, House of Com 
i mens fiSiSi, c 60.000 vo!s , House of Lords (1S34) 80,000 
I vols ; Intha OlSce (lioQj 130 000 printed books and 15,000 mss 
j and sj'lographs, K.ew Royal Botanic Gardens (1253)1 
! volumes 

' Outside London the most important State libraries are the na- 
; ticnal iibranes of Scotkad, Wales and Ireland Sir George Mac- 
! keaae, of Rosehaugli, may be regarded as the founder of the 
I National Library of Scotland In 16S4. the first librarian was ap- 
pointed, 3»d in 1686 the books and furniture were valued at up- 
wards of in 000, exdustte of donations The library retains tae 
copyright pnvrlege conferred ppon it in 1709. Of the special col- 
lecbons the most important are the Astorga (SpanislQ, purchased 
m £824, the Thorkelin collection, relating chicfiy to the history 
and anUqmties of the northern narions' the Dieinch tolkction of 
German pamphlets and dissertations, and the Bariibougle Scot- 
tish collection presented in 192S by Lord Rosebery, 

Manuscripts number well over 3,000 There are 13 inonasUc 
ciaitalaries 'which escaped the destruction of the religious hon.scs 
to which they belonged The m=s relating to Scolush church his- 
tory include the collections of Spottiswoode, Wodrow and Caldcr- 
wood Sir James Balfour's collection and the Balcarrca papers 
consist largely of original State papers of James V , Queen ALiry 
and James VI The Sibbald papers are largely topographical. 
The Riddel notebooks illustrate Scottish genealogy The Mag- 
nusson Icelandic mss. purchased in r325, and some Peisian and 
Sansknt, with a few classical, manuscripts may be noted The 
most important mss of old poetry are the Bannatyne ros,. written 
by George Bannatyne in ts6S, and (he Auchmleck ms 

In 1922, the Faculty finding the maintenance of the general 
hbrary increasmglj onerous, offered it to the Government as a 
national bbrary of Scotland. The Government accepted the offer 
in 1923, when an institution towards which movements had been 
made in Scotland since r8yo received a gilt of £100,000 from 
Sir Alexander Grant, and the necessary act was passed and the 
library transferred in 1925 
volumes Tht advocates retain the la'(i(i' secuon. 

The National Library of Wales at Aberystwyth, founded in 
1907, -(ffas opened in 1915 It enjoys the copyright privilege, and 
now contains nearly 500,000 volumes, classified by the Library 
of Congress scheme. It is very rich in Welsh manuscripts, inclu(d- 
mg the collection of Sir John Williams^ and Wynn ot the Gwydyr, 
Pemarth, Crossvnjod and Carreglwyd papers Francis Bour- 
diHon’s Romances, and C Thomas-Stanford’s Euclids are among 
special collections of printed books. The National Library of 
Ireland Dublin, was founded in 1S77, and incorporates the li- 
brary of the Royal Dublin Society It contains about 300,000 
volumes classified on the decimal system, and catalogued m 
vanous forms 

Hoiyersity and Collegiate Libiaries, — The earliest library 
of the University of Oxford was in existence iit 1337, the second 
was founded by Humphrey, duke of Gloucester (d 1447) • these 
penshed, and the Bodleian library was founded in icoS and en- 
dow«i_TO 1611 by Sir Thomas Bodley (qt^) He opened the 
ubrary in 1603 -wnb upwards of 2,000 volumes In xhio he ob- 
tain^ a grant from the Stationers' company of a copy of every 
work pmted m the country, a privilege still enjoyed under the 
Cop^ht Acts Other chief benefactors have been Archbishop 

Francis Douce, Lord Sundei- 
to (brother ot Edmund hlsJone) and Richard Rswlinson, The 
coatoms almost 1,250.000 printed volumes, and about 
40,000 manuscripts (other than charters, rolls, etc ) In onmtaL 
itJ.peAaps, supenor to any other European hbrarv • 
® inaaascripto espedaliy m Eng 
iish literary and local history and m early pnnbng 


.'3 The hbrary n(3w contains over 750,000 



MODERN BRITISH] 


LIBRARIES 


The Radchfle library of naturaJ science, founded by Dr, John 
Radchife (d 1714) opened, in 1749, m the domed building 
known as the ‘‘Radehffe Camera,'’ was transferred to the new 
University museum and Uboratories in 1S60, ’shea the trustees 
oSered the use of the Camera to the curators of the Bodleian, the 
building was transferred absolutely in 1927. In the Camera are 
the modem books, and it also serves as a reading-room, espeaally 
for undergraduates and in the evetung Departmental libraries 
foimmg part of the Bodleian are the Indian institute, the Law 
library, Maitland library (social and legal history), and Rhodes 
house (Colomal history) 

The Bodieian library is open by right to all graduate members 
of the university, and to other recommended students. The ordi- 
nary expenditure is about ;fio 000 A large repository has been, 
arranged for book storage underground. Controversy as to ex- 
tension. or new building W'as acute xn 1927-28, but was lef^ unde- 
cided by Convocation 

The Taylor institution for modern languages is due to the 
benefaction of Sir Robert Tayior an architect (d ijSSI The 
Finch collection (bequeathed in iS^oj, is kept with it 

The libraries of the several colleges vary considerably. That 
of All Souls was established in 1443 by Arcnbisliop Chichele, and 
possesses 40,000 printed volumes and 300 rass , and is rich in law. 
The library of Chnst Church is rich in du’inity and topography. 
Corpus possesses a fine coiieciion of Aldincs, with about 400 mss 
Exeter college has classical dissertations and Enghsh theological 
and political tracts Jesus college has the bequest of Sir Leolme 
Jenkins and also Welsh mss, Reble college has the mss, of many 
of Kefale’h works Magdalen college has about 22,500 volumes 
and 230 mss with scientific and topograpbcal collections The oid 
library of^ Merton college {see above) now specializes m modern 
foreign history and philosophy New college has about 1 7,000 
panted volumes and about 35a mss . including several presented 
by its founder, William of Wykehara Oriel college has a special 
collection, on comparative philology and mythology Queen’s 
college is strong m theology, in modern history, and in English 
county histones St John's college library is largely composed of 
theology and law before 1750, and medical books of the i6th and 
r7th centuries Wadham college has the botanical books be- 
queathed by Richard Warner (1775) aa<l Ben jamm Wiffen's 
collection on the Spamsh Reformers, Worcester college has of 
late specially devoted itsdf to classical archaeology It is also 
rich in old English drama and poetry, and drawings by Imgo 
Jones. 

The University library at Cambridge dates from the earlier 
part of the rsth century Two early catalogues are preserved, 
the first embracing 53 vqIs and dating from about 1425, the sec- 
ond a shelf -hst, app<ireiitly of 330 vols.. made m 1473 The h- 
braiy, which contains about 1,000.000 vols. and xg miles of 
shelves, has the copyright privilege It includes a fine series of 
eduiones prinapes of the classics and of the early p''oductions of 
English and Netherlandish presses. The mss. number over ro.ooo, 
in which are included a considerable number of adversaria or 
printed books with ms notes, which form a leading feature in the 
collection The most famous of the mss is the Codex Besae of 
the four gospels and the Acts, which was presented to the uni- 
versity by Beza himself. 

There is a library attached to the Fitzwilliam museum, be- 
queathed to the university in iSifi, It contains printed and ms 
music, and a coEecUon of illuinmated mss, chiefiy Fiench and 
Flemish Catalogues and reprints have been published 

Trinity CoUegre Library. — ^The library of Trinity college has 
over 100,000 printed and nearly 2,000 ms. volumes. Amongst 
special collections are the Capell collection of early dramatic and 
especially Shakespearian literature, German theology and philos- 
0|^y, and the Giylls bequest in JS63 of Q,fioo vols,, mduding 
mrfnj' early printed books. There are printed catalogues of the 
Sanskrit and other oriental mss, by Aulrecht and Palmer, of the 
incunabula by Robert Sinker, and of the Capell collection by 
W. Wh Greg, rgog. 

Clare college library includes George Ruggle’s early Italian and 
%3piah plays The library of Corpus Christi college Is famous for 
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the bequest made by Archbishop Parker in 1573 The pnnted 
books are less than 5,000 in number; the ancient inss. attract 
scholars from all parts oi Europe. G-onviile and Cams college 
library is of early foundation The pnnted books of King’s col- 
lege include the bequest by Jacob Bryant (1804) The mss are 
almost wholly oriental. Magdalene college is remarkable for 
popular literature and for naval ross the greater portion of which 
IS m the Pepysian library ( 5 ea Pepys, Samuej..) The library of 
Peteihouse, the oldest in -Cambndge. possesses a catalogue of 
some 600 or 700 books dating trom 1418. It has a unique collec- 
tion of ms, music Queen's college library contxuns about 30.000 
vols , and is rich in Semitic literature The library of St John’s 
college IS nch in early pnnted books and English history 
The fifarary of the University of London founded in 1837, now 
at South Kensington, has over 300,000 vols . and includes the 
Goldsmiths’ Economic (60,000 vols.), and a musical library 
Other cohections are De Morgan’s collection of mathematical 
books, Grote’s classical library, etc. 

University cohege library, Gower street, established in 1S25, 
has 286,000 vols. including Jeremy Bentham’s library, Morrison’s 
Chinese hbrary, Barlow’s Dante library, collections of law, 
medicine (including medical history), mathematical, Icelandic, 
theological, art oriental and other books 
King's college hbrary. founded in 183S, has over 70,000 vol- 
umes In dose association with the University oi London is the 
London School of Economics and Political Science (1S96) in 
which is housed the British Library of Political Science, with 350,- 
Qoo books and 500.000 pamphlets ana ofiidaJ reports The School 
of Oriental Studies was estabhshed in 1016 m the building ol the 
London, mstitutioa. The hbrary of Sion college (1635) iS' rich in 
liturgies, Port-Royal authors, etc., and contains about 200,000 
I v'ols classified on a modification of the decimal system. The 
copyright priviiege was coroamted in 1835 
English. Provinces- — ^The Rothamsted Experimental Station 
has an agricultural library of 20,000 volumes The other English 
universities and colleges have libraries; the chief are; Manchester 
(205,000 vols J, Birmingham (120,000 vols ), Liverpool (100, ■ 
ooQ vols Leeds (98,000 vols.); Sheifield (83,000 vols ) , Bristol 
(70,000 vols.), absorbing in 1924 the hbrary of the Brismi Med- 
ical Chirurgical Society (1831), Durham (39,000 vola j has many 
incunabula. That of Exeter os combined with the City library. 
The Association of University Teachers established in 1935, at 
Birmingham, an enquiry bureau for the University libraries, to 
act as a centre for mutual lending; this it is intended to transfer 
when possible to the central hbrary for students The University 
libraries share m the grants made by the Government s Universi- 
ties Grants committee. A few of the libraries of theological 
colleges and pubbe schools are important and have historical col- 
lections, mcunabula, etc , such as Oscott college (1838), 36,000 
vols , Stonyhurst college (1794), c 40.000 vols.; Shrewsbury 
school, 7.000 vols, etc. 

Scotland,— -The University library of Edinburgh originated in 
a bequest of books made to the town in 1580 by Clement Little, 
advocate In 1S31 the books were removed to the present build- 
ing Modem accessions have been the Halbweli-PMlips (Shaice- 
speare), the Lamg (Scottish mss ), the Baillie (oriental mss ) and 
the Hodgson (political economy). The library now consists of 
about 350,000 voia of printed books, with over 8,000 mss 
All schools and colleges in Scotland are well equipped with li- 
braries. The oldest University Library, Si Andrews (1456) con- 
tains well over a quartet of a million volumes Glasgow (15th 
Cent.) has 255,000 volumes, Aberdeen (1500) 260,000 volumes 
Among others are New College, Edinburgh (X&43), 50,000 vol- 
umes, and Royal Technical College, Glasgow, 16,000 volumes 
Ireland. — in 1601 the English army, to commemorate their 
victory at Kinsale, subscribed Ei.Soo to establish a hbrary in the 
University of Dubliu Later bequests and gifts have been Sir 
Jerome Alexander’s (law books and mss,), 1674; Palliser, 1726, 
Gilbert, 1736; and Quin (classical and Italian), 1805. Ifi 1802 
the collection of 30,000 vols. formed by the pensionary Fagel, was 
acquireci The library enjoys the copyright privilege. After the 
recognition of the Irish Free State the right was cemfirtned The 
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0 ^ here s iSg founded out of C y clianbes con air-s ubou. 50,000 

ec n en a) ^ & c he vois and a fine co,.iei.uoo of prims, drawjn^s and maps of London 

i The Crippkgdte institute (1S96) in Golden lane, also founded 

Sc, -s: ' li.o his, anout lOr cco lols., I ouc of charity monies, has three branches — St Bride institute, 

t ■ :^„v mo 000. Urdve'-Eit;.' college Dub- j the Queen street, Cheapside, branch, and St Luke’s institute 

?j'r,:'a;s ,.;i.ege Majmc-ait (i:55t about The St Bnde Foundation Technical Reference Library (1895; is 

etrvcuiK F'v T” iJTsty cac Cclkii Lthraries f a very complete collection of about 510,000 voJs on printmg and 
L'~a, ;f'a /■'►sa'ic, xc.-'" < | ahied arts Dr Willianis’s library (over 75,000 vols \ founded in 

Cathedral and Church tibts.rtes. — ^^’tirh one or two excefv- { 1716 by the will of Dr Daniel Williams is prunanly rheological 
in- imrar cs are aiLOtbeG zc ‘.e cartedrals Ictended for ifae I andhas been enlarged to include philosophy, history and Jiterature. 
rL vT clem :uey ore in most cases open to ' ’ ” ' ‘ ' ' - - ■ • . - , 
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Lc-Jr: 


y 'r;t','l„ced Alany hare raiuabte mss , but most 
r me Civil 'i\jr acd the pnncec coLectioas are 
' ic’j.ri’- deans of the litn cencary That of bt 
, fouudefl in \ery ear’y rimes, and notv' lum- 


airpjUe*5 rwth a gooa collection of 


with collections of theosophy and of the works of Boehme, Law, 
and other ai} sties The mss. include the original minutes of the 
Westminster .Assembly, letters and treatises of Richard Ba-Yter 
and the journals of Crabbe Robinson. 

The most notable of the English provincial endowed libraries 
are those of Manchester That founded by Humphrey Chetbam 
m 1653 IS suit housed in its old collegiate buildings (100,000 
vols and mss ) More important is the John Rylands In locS 


-rccc s'> ^vc ^ _ 

early L rks rad Te-:atner:ts Psu-s Cross sermons, and works 

c'nrcrsc vim the :R.hedril^\cc'aloge£ :S93,'. 1 vois ana mss > ivrore important is tne jotin Rytands In 1908 

rev 'he n: Chnst Church, O.Yiord which belongs ahke the John Rj'lands had 310,000 I'ols and ro,oao inss , mcludmg the 

m ths college^ a.ad the cimedml ste aoove Thar 01 Durham I 6 000 Crawford mss. from Haigh Hall, bought m ryoi and 20,000 

:c ’,s,s .^carcs rrom mocsiuc times and possesses many of French Revoluuoa broadsides, etc, presented by the earl of 

v.„.,h t'c.cKgid .0 the monastery Tne coileciion is | Craw'ford m IQ24. Other considerable endowed libraries are the 

-“rii, asc IS keot tin to a^te It is esoeuailv rich in 1 IViJIiam .San .ctiafi'r.rri 1 i..‘ lj.. ^ 


cer->rii. asc is kept tip to a^te It is espeuaily rich in 
isrn nu'S , written at Durham The hbraiy at York i's open 
'j 'o.„ put.ic has marj' valuable luss end early printed Dooks It 
’'•rlttcas Ecwarc Haiisunes topographical librarj' (catalogue of 
tr t,.? tii-i' The .'ojndanoE of tne abrary at Canterbury 
c.tcs prtbtto.Y from the time of .-^ugusdne, but nothing of the 
nTti-Concaest iiircrj' survives. Maay''of the mss ongmally here 
were tracstciTei bv .Mchbishop Parker to Corpus Chnsti college 
Qiprricge ' citologae r-^j and iSoa. of ass igii) The present 
ruiicLcg '> U: erected ’a rfSp The Lincoln carnedral library 
a-a-orue irrp of ircuaabda 19:5 of mss 1927) was re- 
.umael bje Dear. Honejwood, at the Restoration in a buildmg 
0} Ivren Ch.chei:er dates frcin the Restoration only Elj' is 
".i-h in the ncn-.jrors Eseter possesses many Sa-ton mss , m- 
...uj.os; the ‘Enejer Book' of O^d English poetr, the gift of 
^eotne the ft-st bisnop. ,kt Lichfeld the existing library la post- 
xes'eratjoa tut includes the famous Etangeliary of St Chad 
i.'^s coaecrion ar Rortsich is chiedy modern The earlier Jibrarv 
m Fett-roercugn being ahnost aestroyed in the Civil ICar, Bishop ' 
^ y iii:e^h.eimxt retounded it, but 3a.n;y of Lis books have bpen 
-Ost bxiisbu.’y Is nch in incunabula ^catalogue r8So', Wm- 
erx^mr cathtuml lihrarj' is mamlv the bequest of Bnhop Morley 
' ' 'c ’■ hbrarj' at Bristol was burnt ami pillaged 

.n tht nuts oi m3:, ,u Chester, in rhpi. Dean Acderne be- 
uuia-.,ed his -oaks and part of his estate ‘as the beginning of 
- rmm c .mrar mr tie dergy end cdy.’' The librarj- of Heiuford 
01 mss 19. r) IS a good specimen ot an old monasttc 
iiDrarj , Worcesiei has fine mss. (catalogue, 1906, and of 
cathedrals were supplied with 
7 "" . c ■ i settlement m 1709 Ah are small, the 

‘ volumes. That founded by 

.vrrooishu? Leighton in 1684 iu Dunblane cathedral 1 0,000 vols ) 

m f historic iaterest’ 
sue ,.uo..c Ja.a.v'e5t3bUsiieu about 169a m St Patrick's cathe- 
trck'ojshop Marsh, was incorporated in 1-07 

and incmde lae bbranes of Bishop StiE.ngfleet 

W ? ^ Libraries of Englmd 

>t' a«» «' Brampton 


"William Sait, Stafford (30,000 vols of Staftordshire history) 
opened 1S74, the Solon Ceramic hbraiy, Stolm-on-Trent (5,500 
vols and roo curtent penodi'cals) , St. DeinioTs (1S94)', Ha- 
warden, founded by W E Gladstone, and the Shakespeare 
Memonal (1879), Stratford-upon-Avon. 

The oldest endowed hbrary in Scotland is the Innerpetfiay, 
Perthshire (16S0), founded by David Drummond. 3rd Lord Mati- 
erne. The most important is the Mitchell in Glasgow, fouutled by 
Stephen Mitchell (1S74), opened in 1S77 It contains ■valuable 
coBeetJona of Scottish, poetry, Burns' vvoiks, Glasgow ptinUng, 
and It contains over 250,000 vols , and is the reference library 
for the Glasgow public library system Glasgow also has Btirling’s 
and Glasgow Pubic Library (1791), which was anialgaranted 
with an ensting subscription library (60,000 voL ) and Baillie's 
tosht^uuon Free Reference library (24000 vols) established un- 
derche bequest of George Baillie (1S631, but not opened till 1887 
The publzc library of Armagh^ Ireland wab founded in .f 770 
Libraims of Societies and Learned. Bodies,— -Full particti- 
of most will be lound in R A. Rye's Libuines of London a 
Gmde far ifudents (^rd ed, 1927), and a Tnoio summary guide, 
covenng the vvhole country, in the Ashb Dirsctory, i orS 
Of the law libranes, that at Lincoln's Itm, London, is the oldest 
and the largest (72 ooo vols ) That of the Middle Temple con- 

tave existed in 1540 Its chief collections are William Petvt’s 
the s historicsi pamphlets, knd 

lis e^tabbshed before 

f Law Society (182SJ nas 60,000 volumes The Royal 
Institution of Great Butam (tSoj), possessing a general Vefer 
euce subsenpbon Hbrary' of about 150,00c vols, wardosS in 
19X6, Its Ortental section remaining to help found the London 

Studies, while Its Western bo o£ 

Went to the U'niveraity and college Iibrories 

Hou^ o^chaeology is the Society of Antiquaries', 
Sc ^ \ ^ “d early printed 

vSJ House, which contains over too oto 

i ieit) Sf ’ 
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maps to tie public for reference; the Royal Colotual Insu- 
mte (iS68). 184,000 vols of British colonial Lterature. the Royal 
United Sennce mstitutioc, Whitehall 1.1831), 33,000 vols , heiles- 
letires, politics and history The Gladstone library (^tiooo vols. 
and paraph ) of the National Liberal Club may be used occa- 
sionally by non-members, the Garnck (,a ^mail dramatic collec- 
tion), and the (Senior) United Service Club (Dugald Stewart’s 
library) may be mentioned Very few club ibranes are super- 
vised oy trained librarians Libranes are owned by tbe Bntish 
and Foreign Bible Society (catalogue of Bibles, 1903-11), the 
Institution of Dvii Engineers (53.000 vols s, Ibe lashtution of 
Electncal Engineers (35,000 vols ). the Royal Academy (10,500 
valuable vols ), the Royal Institute of British Architects (23 000 
vols.}, and many others 

The library of the Writers to the Signet (1722), now contains 
about 130,000 vols , with early prints and other rare books, espe- 
cially la Bntish topography 

The library of the Royal Irish Academy at Dabhn (1785, 50,000 
vols and over ooo Irish mss ), is partly supported by a Govern- 
ment grant and is freely open 

Among subscription libraries, the London library (300,000) 
stands first in order of importance It was founded in 1841 as a 
lending library for the use of scholars, largely at the instance 
of Cariyle Author and subject catalogues have been printed the 
latter of great value 

Tbe first circulating library’ in Birmingham was opened in 
1757. and was lollowed by Liverpool Lyceum f 1 75S) and IVarnng- 
ton's (1760), both merged m the museum and by Leeos (176SJ, 

Other proprietary libraries have been established at Leicester, 
Liverpool (Athenaeum, r79S), Manchester Newcastle Belfast 
(.the Linen Hall library’). Nottingham ana elsewhere In Scotland 
the first subscription library was started by Allan Ramsay, the 
poet, at Edinburgh in 1725 Commercul subscription libraries 
hai’e increased greatly, Mudie’s (1S41), W, H Smith’s, and Tke 
Times Book Club being typical modern examples 

Many of the pnncipal clubs possess libraries; that of the 
Athenaeum (London) is by far the most miportant It now num- 
bers about 75 000 vols of choice books The pamphlets (of which 
also there is a complete printed catalogue), include those col- 
lected hy Gibbon and Mackintosh Next comes the Reform dub, 
with about 60,000 vols 

Public Libraries.-— The first act of parhament authorizing the 
establishment of public hpraries in England was obtained by Wil- 
liam Ewart, M P in 1 350 In 1853 the act of 1850 was extended 
to Ireland and Scotland 

The Public Libraries Amendment Act of xgig, besides estab- 
lishing the county as a library unit, removed the rate-limit in 
England and Wales The American library’- in 1938 was spendmg 
roughly four to five times as much, per head as the average British, 
hbrary 

British Library Legislation, — ^The main points in British 
hbrary legislation are as follows ; — (a) The acts are permissive 
aud not compulsory. (6) Municipal libraries are managed by 
committees appointed by the local authomies, ■who may’ delegate 
to them all their powers and duties. Glasgow has contracted them 
out by a speaal act In Ireland, committees are appointed much as 
in England (c) Pow’er is gir'en to provide libraries, museums, 
schools for science, art galleries and schools for art (d) The 
regulation and management of public libraries are entrusted to the 
library authority, which may either be the local authonty or a 
committee with a full or partial delegation of powers. 

The London Government Act, iSgg, by uniting various vestries 
or boards, mit^ished about 23 library areas The Metro- 
politan County of London in 1928 comprised 27 library areas, or, 
counting also the City, aS 

From 1887 progress has been rapid An immense stimulus -was 
given from about 1900, when Andrew Carnegie <^qv) began to 
present library buildings to towns in England as well as to Scot- 
land and the United States. In 1926, 57 out of 63 counties, Sr out 
of Sa country boroughs, all metropolitan boroughs, 333 out of 
349 municipal boroughs, 732 out ot 791 urban districts, and 12,660 
out of 12,841 are, by adoption or indusion, hbrary’ areas under 


the acts But 49 urban areas, with a population of 580,000. bad 
then no library service, nor in 1935 had half the rural popuUtian 
of the country 

B-aildiixg Developments and Eq-utpinent.—The Carnegie 
Trust, in 1917, ceased to make grants, and in 1925 decided to con 
sider no further applications The total sura expended by the trust 
on pubhc hbrary buddings m 19:4-26 was £39 5,600 In every case 
“open access ' was adopted, and stress -was laid upo-u accommoda 
non for children Good specimens may be seen at Manchester and 
Croydon. Great improv’ements w ere effected in design Card cat 
alogue and subject-hsrs have almost entirely taken the place of 
printed catalogues Library' policy has, also, become far more 
liberal than it was before the World War Of the greatest im- 
portance to business men has been the establishment in great city 
hbranes, smee 1919, of commercial and technical departments, 
notably those of Birmingham, Manchester, Liverpool and Glas- 
gow 

There is one important municipal hbrary which is not rate- 
supported under the Pubhc Libraries Acts. This is the Guildhall 
reference library of the Corporation of the City of London A 
library was established for London by Sir Richard W^hittington 
between 1421-26 But it did not remain without accident, about 
1 549 the Lord Protector Sotnersei earned off three cart-loads of 
books, and during the ^eat fire of 1666 the remainder together 
with the buildings -were destroyed Nothing was done to repair the 
loss until 1824, d new library was opened in 182S. 

Tbe library (nearly 200,000 printed vols and nearly 15,000 
mss, in xgaS) includes a speaal collection of books, prints and 
drawings about London, the Soiomons Hebrew and rabbinical 
hbrary, tbe National Dickens library etc , and tbe libraries at the 
Clocbnakers’ and Gardeners' companies and of the Old Dutch 
church in Austin Friars 

British Libtaty AdministTation, — ^A bnef statement of tbe 
work and methods of public libraries in the United Kingdom 
will help to give some idea of the extent of their avuvities In 
1909 60 million vols -were circulated every year for home-reading, 
54% representing fiction, including juvenile literature The refer- 
ence libraries issued over ii million vols . exclusive of books con- 
sulted at open shelves, and to the reading-rooms, 85 million visits 
are made per annum It is evident, moreover, that a complete 
revolution in library practice has been eSected since 1SS2 Very 
little had been accomphshed in the way of scientific classification 
schemes, although the decimal method of Melvil Dewey had been 
applied in the United States Dewey’s system is now in use in 
jSo pubhc libraries, J, D. Brown's “subject” classification in 59 
tbe later but important library of Congress system in about five 

A complete catalogue of a general popular library contains no 
addition'to bibliography, is costly ana is out of date the morcent 
it IS printed Modern libraries therefore compile complete cata- 
logues only in manuscript form, and issue cheap class-lists, supple- 
mented fay lists of recent accessions. 

The idea of using separate dips or cards for cataloguing books, 
m order to obtain complete powers of arrangement and revision, 
is not new. having been applied during the French revolutionary 
penod The card system is perhaps the mast generally used, but 
many improvements in the adjustable binders, called by hprarians 
the “sheaf system, ’ already begin to make this latter form a 
serious rival The card method consists ol a senes of cards, each 
bearing one entry, kept on edge m trays or drawers, 1 o which pro- 
jecting guides are added in order to fdcihtate reference The 
sheaf method provides for slips of a uniform size being kept in 
book form in volumes capable of being opened by means of a 
screw or other fastening, for the purpose of adding or withdrawing 
slips Both sides of a slip may be used, while a number of entries 
may be made on one slip For great research libraries, however, the 
catalogue in volumes, though expensive to keep up to date, is the 
easiest to use. 

In tbe United States, practically every library has its open shell 
collection On the continent of Europe, however, this method is 
rare. The first “safeguarded” open access municipal lending 
library was opened at Clerkenw’ell (now Finsbury), London, in 
1893 Every year several municipal systems are reorganized in 
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:v arc amiir.aac iccLjia -snckeis icr 
i-.a r.-'.-s a'ci :v: no rn'iCi Ji oirruvers The great 
vn_ .sA .. “r’.'a’. tod >jr,.;r.i.ar ibrasriss use cards for ‘'charg- 
’r.g rtar.-m'rc tcct' n borrciicrs 

Vaeiaus of Ltbunes.~ 0 .her zamdes of modem 

dv r.c; v,^lci. 3;c! c 3 vjT:on io ' 70 :b Bntadi and America are 
of itcures dr„'a;i,e si enr,tr; U tte books ro me Lbrary, 
o'S “ rhi'iViu,'! ’.tmk v.m esddren prcreicn oi books for the 
ojro >ro :ur ic-^ua retiUt-rts m.iteAirg Lhraries and the educa- 
A' .f r..r ir.iA-rt: Ir. 'ome distnct'. • t g , Leicester} the 
.''.I'b' ECai, P'.'.C' cieaercar}' schools supplied varh hooks, over 
aoi.h :b£ iTcrcers nle to erercise supervision. Under the 
L- ■ rd fro'cr”. .Ivenc-Tent Art igai. aii tcar.onai documetits 
^ert pA'ic ,rear the charge of the master oi the rolls, 'Abo could 
rrccr .ca r dep;.'': n authonred repositories Manj' public L- j 
cr.-.cj and smre of local soaetics w-re sQ designated, and the ' 
.are o' crc.'uvcs rert.ved a great sarmtes, liitiir studj- had, since 
:;r;, besc aciiudin the ccrncmijin sf the School of Libranan- 
cd.D nc "aas in rgr; ~o rbar of the Library Association 
Evcst.,:n' r.onr cas cten dccoiriDjisbad ivithia receiic years by 
ivii'Carj ^ssocraticE and ',.116 Universiiy of London School of 
L.crrricrsnic :a the iraifiinsci JibrarsnEs. 

The it-ncrj of me depcr.caentai coraiuttee on public libraries, 
rcc" .s me lest «ur er or tie liela since mit of 1349 The com- 
ir.rtee ennee a: srlmiuiimg backward authondes by sbonung what 
Is -lint It more lavojred places The}' viere opposed to putting the 
hrtcr.cs unim tie educatten aa&onties The etfc-ct of the report 
'■> It tf4^ocTj“.£ a ro-crd.’iated sarional system of pnbbc bbranes, 
t^nj.sting or the -urban Itbra.-ies and the county uhraries, -mth 
-^sir vT4.a*s ind stsalJ town brurches, al these working together 
in regional sctieres of co-oiiera'iop, and beyc.id ihem me Central 
:m students acting as a reserve for out-of-the-way books, 
ar.J aciine as tn? certre formcifaJ ioaas between a large circle 
ut special Lkanes sue the public Hbraries The report obiamed 
p«erj,i approval, nttebly that cf the library As^oaation In the 
same y ear the accctish Library Associaiion appealed to the setre- 
. for Scotland to appoint (and the wlnister of finance 

.n jtmc,ra Irdarn appmeted) similar conatnutees to rnski» 
enquiry and report on tie libraiy service in those countries 

(X.; A Bs ) 

COUKTY LIBRARIES 

i-.t qmj,... or me ipti cesiiury, lirgeJy through the generous 
Anaren Carnegie, the 2S years that 
^9^S, a much more 
^ ^ service was severely handi- 

resmeuons. the obs penny mte iimic. which 2- 
V «ies. precluded anyihng like adequate expend- 

iSrf 7 impossibly of 
5^ I' centres of 

^ 1 aimirabis stauiucal report, setting forth m detail 

situaiion, was prepared by 

kCA L n CaraegrruSted 
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b tne adu edu at on coma t ee of the M n stry of Hecon- 
snicf-on, and almost immediately, the Pubhc Libraries Act 01 
1019 was passed, authorising county councils to adopt the acts, 
to levy a rate, and provide a library service through their educa 
‘ -fion conunitrees Similar powers were granted in Northern Irc- 
lina b}' the Public Libraries Act of 1904, and in the Irish Free 
State by the Local Govemmen!; Act of 1905. 

Success of the County Library System,^ — ^Hitherto, such 
ral hbrarj' systems as had been established, w-ere fmariccd by the 
Carnegie Trustees, who continued to oSer to defiay the uipiul 
expenditure of county councils which were willing to ado[ic the 
acts During the period 1915-27, the grants made by the trustees 
for this purposem Great Britain totaHed £263,785, with some sup- 
plementary giants for the period ending in 1930 Further sums u,re 
being allocated to Insh county libraries, and grants are made fiom 
tune to time fur special objects In their report issued in March 
ignS, ihe trustees show that 22 English, three Welsh and sis 
Scomsh counties are now independent of their assistance, and 
will henceforih rely entirely on public funds Thus it is obvious 
that the progress of the system has been exticmely rapid, only 
five counties, by the end of 1926, not as yd adopted the 
Public Libraries Acts, one of these being London where there 
IS no area not already provided for by previous adoption of the 
acts, and the- other Westmorland which has a scheme h ised on the 
Kendai public library The rate of this expansion is indicated by 
the ngure-s given in the report of the Public Libraries Conujiittec; 
set up by C P Trevelyan, then president of the Board of Edu- 
, cation m 1924, which completed its proceedings m 1927 in 
I ryii the population m England and Hales resident in library 
, areas amounted to 62 $% of the total The pniccnlage rose to 
I 68 8 by 1921, to 90.4 by 1924 and by rgafi to 06-3, Ot this last 
ngure, the urban library service accounts for Sj-iG., and the 
county systems for 32 2% _ Thus only 3 7% of the' pujniJaUon 
now reside iiv ureas for which there is as yet no provision and 
none even contemplated The committee therefore propose that 
the remaining county councils should be constituted libraiv au- 
aonties for their areas, and, further, that those councils whuh 
have excluded certain populous areas, covered by towns or urban 
fctricts, should be constituted library authorities for the whole, 
^e result would be to bnng in a further population; of 1,332,000. 
ine report ^ pointed out, however, that 3 library area does not 
necessarily imply a library service, and that, so tar as they were 
ame to ascertain, m 1925 only about one-half of the 12 miihons 
^^eas were actually enjoying a hbraiy 

The system began with the periodical supply of boxes of 
books to vUJage centres, usually m schools, and the boxes wc-e 
sent by railway or other earners, An increasing number cf 
counties now have their own motor-vans, which are fitted wuh 
shelves and lorni small travtllmg libraries, ahording ^ho local 

S’ - if interest or the philanthropy of some 

® formation of smaU storks of 


iviiuiftuuu or small storks of 

reference books, and even the opening of a village readmg-room 
Social provision is usually made, so far as resources perroii for 
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qusiy under-fioance< 3 . and that as the public realises the benefits 
and opportunities within their scope a much Tnoxe liberal provision 
will be demanded 

Post-war DeTelopments. — In both county and town, prog- 
ress since the act of ipig would have been far greater but for 
the general anxiety to keep down the rates. That act abolished 
the rate limit m England and Wales, and next year the limit ia 
Scotland was raised to threepence, and in Ireland the same, with 
an extension to sixpence in county borouglis (Iii Northern Ire- 
land the penny rate limit was re-esiabhshed in county council 
areas, with a possible differential rating for urban districts, to a 
maxnntim of threepence, with Government consent ) Most of 
the municipal bbranes proceeded to levy rates in ptoportion to 
their necessities But, with the increase m the prices of books, 
other expenses, and the persistent demand for retrenchment, it 
has been diiScult to mamtain eiSciency m municipal libraries at 
the high level desired, and the pay of the assistant is still incon- 
sistent with the idea that he is entering a learned profession 
The public hbraries committee offer vanous recommendations for 
the general improvement of the service, particularly by schemes 
of co-operatjon, but they were not of opinion that the urban 
hbraries should be transferred lo the education committees, or 
that the numerous library districts in the metropolis should be 
uiuhed under the London County Council Only one member 
pressed for tlie latter reform 

Tiie Ceatril Library for Students. — ^Most important among 
these schemes for general or local co-operation was the plan for 
developing the Central Library for Students as a national library 
forming a special department of the British Museum, to be a 
supplemental supply to the municipal and county libraries 
throughout England and Wales (Scotland and Ireland being sup- 
plied from the depSts at Dunfermline and Dublin), and to under- 
take sui.h other urgent duties as the prepanirioa of a union cata- 
logue, the organization of an information bureau, and the issue 
of periodical book-lists This hbrary nas started in 1917, largely 
to provide books for adult classes; but has grown from a collec- 
tion of 3,000 books to a collection of 37.560, a large proportion 
ot them costly works, supplying, in 1907, no less than 465 libraries 
with books they were unable to afiord The Central Library is 
mainly financed by an annual subsidy of i3,ooci from the Car- 
negie Trustees By a mutual airangement with a large number of 
outlier libraries, comprising various public libraries, and such 
important research hbraries as the Science library at South Ken- 
sington, those of the London School of Economics, the Linnaean, 
Folk-Lore and Royal Asiatic Societies the Society of Antiquaries, 
the Royal Colonial and Royal Anthropological Institutes, and the 
Royal Irish Academy, it Is able to satisfy the needs, not only of 
students but also oi advanced research in ail parts of the coun- 
try, The pubhe libraries committee oatline a system of co- 
operation in which public libraries would be grouped round 
regional centres, usually the great urban libraries, with a federa- 
tion of special libraries pooling their resources, and a central 
library acting as centre of the whole system They recommend 
that an interim grant of -£5,000 a year should be made by the 
Government to the Central library to establish it on a sound 
basis, and that the Science library should have an additional 
£3,500 a year to enable it to act in co-operation as the central 
supply for research students jn science The aggregate cost to 
the national exchequer of their proposals for the development 
of the Central library and of the Science hbrary, and of the agency 
for central cataloguing, would not exceed £12,000 a year, and 
the benefit to scholarship, research, industry and commerce w'ould 
be incalculable 

Co-operation with Special Libraries. — ^The growdh in num- 
bers and extent of special libraries of all kinds has been re- 
markable during the period reviewed. The valuable w’ork of the 
Association of Special Libraries and Information Bureaux, estab- 
lished in 1925, has been a main factor in promoting this, and the 
pubh cation of their Directory, “Aslib” (193S), another work 
financed by the Carnegie Trustees is an immense benefit to 
librarians and users of libraries, since it is the first systematic sur- 
vey of the special library resources of the nation Similarly, the 


work of the joint standing committee on (university) library 
co-operation is doing much to facilitate the mobilization of the 
resources of university and other learned libraries, and the publi- 
cation of the IVorld List of Scientific Periodicals has materially 
contributed to the same object 

Libraxianship. — The Library Association which for manj 
years had striven to raise the educational status of workers in 
L-fararies, and had held lectures, correspondence classes and ex 
amlnations with that purpose, appealed in 1917 for the esrab 
hshcienc of a day school within the University of London, frc' the 
regular training of librarians With the suppoit of the Carnegie 
Trustees, who undertook to provdde £1,500 a year for the first 
quinquennium the School of Librarianship was opened at Uni- 
veisity college, London A reduced grant was made for the sec- 
ond quinquennium, the balance required being made up by the 
umversity senate According to the latest report, 54.9 students 
have been admitted to the school during the nine years covered, 
including many part-time students engaged 12 library work in 
the London area A large and increasing number of these were 
already graduates of various universities Easter and summer 
schools have been held both at home and abroad, with excel- 
lent results The influence of the school in raising the educat’onal 
standard of hbramnship, improving salaries, and increasing the 
proportion of women relatively to men, employed m hbraries, 
has been considerable. The recent Government report is em 
phatic on ihe need for improved educational qualiLatSons for 
libranans and urges that the School of Librarianship, which is 
performing a national servuce, should be maintained and that it 
“would appear to have £ strong claim on the fvurds wWch the 
university receives from the State.” An appeal for a permanent 
endowment fund has recently been launched Clashes in librarian- 
ship have also been started at Manchester, mamly for the benefit 
of assistants in that neighbourhood and at Dublin for Irish stu- 
dents. Many librarj- authorities now require a sound standard 
of general education from entrants to the service, and the Library 
Association specifies the matncuiiation standard for candidates for 
its certificates 

Other Library Derelopments.— -The only obstacle to a gen- 
eral advance, after the Government report of 1927, as rapid 
and epoch-making as that which followed the Government report 
of 1919, IS the present demand for ecDitomy. Great events are 
pending, and will probably, in a few years, be matters of hi.story 
The British Mtaeum in spite of the great extensions of a few 
years back, is still cramped for space; a large part of the interior 
is about to be reconstructed, and it is proposed to enlarge the 
Hendon repository and remove all newspapers there Cambridge 
has decided to remove the University Library to a new building 
0 ,rford is about to settle the problem of fhe Bodleian oy erecting 
an additional builoing across Broad street and a repository at 
Jordan Hill for roaterial not in constant request What is healthi- 
est at the moment is the intense interest aroused by the many- 
sided problems opened up by the growth of libranes, and by the 
widening consciousness of the immense part they must play in 
every department of life The adoplicn of a more active policy by 
the Library Associahon, coupled with the appointment of a full 
rime paid secretary and the acquisition of permanent headquarters, 
where they will probably soon be joined by other bodies having 
cognate interests, should help to a concentration of efrort in the 
right direction, (E A Ba ) 

BRITISH DOMIKIONS 

The majority of the British Dominions have permissive hbrary 
laws The rate limit is not so strict m every case There fe, for 
example, no rate limit in Tasmania, and South Australia may 
raise a library rate equivalent to threepence in the £. In Africa, 
Australia and Canada the Govemments make grants to public 
libraries The Canadian and Australian libraries are administered 
more or less nn American, and those of South Africa, India, etc , 
<m English lines 

Africa. — There are several important libraries in South Africa 
The oldest Ebrary is the South African public library at Cape 
Town, established in i&xS, which enjoys the copyright-privilege 
for the Cape (100,000 vols ). This hbrary contains the Doflections 



10 


[SPECIAL RESOURCES 


LIBRARIES 


0 fLi-J. 


> k. 


, t i;'' 'S r Z. 
3 i.i 2 'sc;.o GsTrc^tcr 
, Aiir^nss^arg c;e ci 
ZrcrjE :: ;u:scr .’3 
~:er.; £’jp;'',r-; ;c 
Ti, ’i.: 1 1= seirg ; 

^"rL'a p^li 

J i.’jCrC : 
c C;;ro 


COi 


t A 


e i*d *5 G&o G e n F hT ‘'ta e he ps 1 beraJv asd the movemen has nade progress Iti 
eFe &"%o~'c„_er Br.^oa India nardjy any Governmenf help h forthcomme;, save 

oie *er i:a;-rt;s ia.e nocaoiy foriibranes tmder State management :n capital cities 

r;r. Crce Tc ra- Tee chief pabJc libraries Palestine. — The chief library is the Hebrew National and Urn- 

.cabeth Kintreriej Djrcart SioenifOKtefa versity library (192 j\ 130000 vcls, which contains the GoJd- 
, \hic3 has c cojr.tiy circ-iaticg ststem, and , tieher Hebrew and Klein mathematical collections, and publishes 
c: res„y free p^c.iC Imra" m the Unioa, ; a quarrerlj’ review Kiryath sefer, 

..cn cor brrrowTcg Tne Education Depart- j Canada. — The mo'M. important public library is that of Toronto 

ibraries The Unit ersicy library of Cape (ZSS3), which has over 400000 vols, and includes a notable 

. ce\elone: in ipcS That at Pretoria gc- ■ childrens depircment in a separate building, and which compiles 

'A sninmaiy of the literature of the annoal Canadian Catalogue of new books since ipri-as (pub 

' P. Freer, wili be found in 7 )ie nshed 1923), the central reference building was, m 1928, about 

b ' In Xirth Afnca mere are considerable , to be rebuilt. 

ispecicJy the Sc>a' library {JS79) 107 oao ; There were in iqog, 413 pufchc libraries described as lar free 


40 zzc vob 


h cranes, ty 


mss gee papyri and at A.igier3, 


he lauer under i and 234 not free The other most important hbraries in Ontario 
.v'tftn coTT, __ _ _ ! are* — Queen’s university, Khagstoa (1S41). 150,000 vois, rjch in 

Australia, me various States .cg^s.a:e ter hbrunes mde- | Canadisn history, Library of Parliament, Ottawa, about soo,ooo 
-nder'y rr ! mairtain nhraxies The Comwonwealth Imraty at j vols LegisDpve Library' of Ontario, Toronto (1867)'' about 
vs 'cnnoed in 1527 Xte S-atepuOlic libraries circulate i 130000 vols " ' “ ’ 

:s to lEsaiutes, etc . in the ccuriry Victoria subsidBed local ' 




.ibr-nes The .atal pnoiic 
b-.ome 'S53 ^arr.cco vols , 
i:?t?7 ,'4c.,coa i jis inclahng 
c.j s'JcscnntioE bfcrsry boui 
a: Adelmce (135 mc 
riof *34 ICC ms) aid o' 


' liC.CCO VC„S I 

' ...5 .*> -iceuw 

Jt 


T"^« 

ths 


ir.es are these of \:c:ark at Mel- 
of Xe? South Wales at Sydney 
the Mitchelf library i ; this was an 
t bv the Gotemmeat, of South 
’’ols i . of Queensland, at Brisbane, 
^ est Anstraiia at Per+h iSbo 


^ ^ 

University of Toronto (rSgd), 220,000 vols and 
f 77 00c pamphlets. 

1 Ip the province of Quebec, there ere several large and impoi- 


■johersity libraries are Sydney 
sse ? aher .collercijn, 1SS3I , 


1 1 So, 000 
Adelaide 


tant ubranes, among which may be mentioned the Fraser instituie, 
, ifan'’rea! (TS85}, 103,000 vols., McGiil university, Monuea! 
I (i&S 5 )._ 268,000 vols,, compnsmg many important collections, 

I the Seminary of St Sulpice, Montieal, about 223,000 voL , Laval 
I una’eraity, Quebec. 173.000 vois ; and the Library of the Legis- 
larnre (1792) 

■c ’ nL- "ir- IT, ■), -T''hT — E P^O’unce Qf British Coluinbia, under an act of rgiq, a 

-a -j.^ IL'pLw ' commission governs the sit public libmnes, 23 

is'mo.y .omry ,ie unnersity hbratj' of Otago Dunedin, 1372 tlBRARY SCHOOLS . A. £s ) 

IS lae chifi ncsdeniic '.bnr- ^ - niuitAKi slhools 

India and the East—fhe chief lib'ww in InoM is rhsTrononai f,. . ^ if school m the world established solely for the pro- 
;:h= 5 ; I- A-'!- r™«.. I*.,,. k,, 7 i k,, f 
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professional training for library workers was demonstrated and 
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library wbool ^tudy a bachelar’s degree Is usually given by tke 
senior undergraduate schools. Most of the graduate schools give 
a certificate for the first year’s work although two grant a second 
bachelor’s degree for the tint year of library school study 
Four university schools grant the degree of MA or MS The 
curricula are made up of three types of subjects, the blhho- 
graohical, technical and admiiijstrative While many other courses 
are given, from one-half to two-thirds of the studtsnt s ame is 
devoted to bibliography and bibliographical method, reference 
service and book selection The first year course is largely pre- 
scribed, although some of the schools offer elective courses 
Specialized courses in bbrary work mth. children, were offered in 
at least five schools (C, C Wi ) 

SPECIAL LIBKAKIES 

With A view to greater accessibility of special resources, the 
American Association of Special Libraries was formed in ipog, 
and has issued a directory (end ed 1925)- The formation of a 
corresponding Bridsh Association has already been recorded, and 
a similar directory was published by this body in 1928. 

In Great Britain, during 1 910-26 there was a great development 
of scientific, technical and commercial libranes and bureaux of 
informatiQii The same movement has developed in America, 
probably to an even larger extent, though m that country the 
public library has, until recently, undertaken a larger proportion 
of this kind of service Of great importance in this connection 
are compilations like the iVorld List i>j Soeniific Penodicds 
(1036-37), and the Subjuci Index of Penoikcds (1915) 

Mercaetjle Marine. — The Bnttsh Sailors’ Society has at- 
tempted this service for more than a century Since igro it has 
revived and developed its arrangements under the stimulus of 
a Carnegie Trust subsidy The Seafarers’ Education Service 
(founded 1920), also with the aid of a trust grant, and contribu- 
tions from the owners and the men's unions, has succeeded in 
placing substantial libraries of a more advanced kind upon ships 
The Carnegie Corporation of New York has similarly financed 
the American Merchant Marine Library Association, in Great 
Bntam a system of supply to lighthouses and lightships was 
initiated by the Carnegie Trust, with the aid of the public 
authorities concerned. 

Libraries for the Blind, etc, — Jxi Great Britain the needs of 
the blind have been met by the establishment of the Nauona! 
Library for the Blind m London, founded in rSSa. It was severely 
damaged by the Thames fiood of 1925 Books in Moon or 
Brnlle type are lent freely to public libraries, and individual 
readers A sectional library for deaf education was set up m the 
library of the University of Manchester in 1920 Hospital col- 
lections are distributed under the auspices of the Red Cross 
Society A collection for the use of nurses and health visitors has 
been set up by the College of Nursing (1921.). 

PRANCE 

Besides the unrivalled hbraries of the capital, France possesses 
a remarkable number of provnncial libraries In 1S57 there were 
departmental libraries with an aggregate of ^ 734, 260 printed 
vols and 44,436 mss In 1908 the printed books had mcreased 
to over 20 miihon and are now probably 30 million at least. 

Paris. — The Bibiiotheque Nationale (formerly Bibhotheque 
du Roi, Royale. or Imperiale), is, perhaps, the finest library m the 
world. The real foutidaticm of the institution may be said to date 
from the reign of King John, the Black Prince’s captive, who 
bequeathed his ’‘royal library” to his successor. Charles V. 
Charles V, removed the horary from the Palais de la Cite to the 
Louvre, where it was arranged on desks m a large hall of three 
storeys by the first librarian and cataloguer, Claude Mallet, the 
king’s valet-de-chambre His Inventaire des L^vres du Roy no$tre 
Seigneur estam au thast&l du Lontrs is extant, as isell as the 
inventories made by Jean Biandiet in 1380, and by Jean le 
Begue in 1411 and 1434 Charles VI added some hundreds of 
mss to the library, which, hoy ever, was sold to the regent, duke 
of Bedford, after a valuation had been established by the inven- 
tor}’ of 1424, transferred to England, and finally dispersed at 


the regent's death m 1435 Charles VII. did little to repair the 
loss, but under Loms XI another library was created, the first 
librarian was Laurent Paulmier, and Jean Foucquet of Tours 
was named the king’s efdunumur Charles VIII ennehed it with 
many fine mss executed by his order, and also with most of the 
library of the kings of Aragon seised by him at Naples Louis 
XIJ, incorporated the Bibhotheque du Roi with the fine Orleans 
library at Blois, and further enriched it by plunder from Pavia 
and by the purchase of the Gruthuyse collection, it was described 
at this time as one of the four marvels of France Francois I 
enlarged and removed it to Fontamehlea’,. in 1534 He set the 
fashion of fine bindmgs, which was still more cultivated by Henn 
II , and which has never died out in France During the librarian- 
ship of Amyot the library was transferred from Fontainebleau 
to Paris Henn IV. removed it to the College de Clermont but 
in 1604 another change was made, and in 1622 it was installed m 
the Rue de la Harpe Under J A de Thou it acquired the library 
of Cathenne de' Media, and the Bible of Charles the Bald In 
t6i 7 a decree ordered the deposit of two copies of every netv 
publication, but this was not enforced rill Louis XH^’s time 
The first catalogue worthy of the name was finished in 1622, 
describing some 6,000 vols, chiefly mss Many additions were 
made dunng Louis XIII ’s reign, notably that 01 the Dupay 
collecuon, but a new era dawned unner Louis XIV Colbert, one 
of the greatest of collectors, so enlarged the library that it became 
necessary to make another removal It was therefore, in 1666, 
installed m the Rue Vivien (now Vivienne), The departments 
of engravings and medals weie now created, and were soon 
important Nic Clement made a catalogue in 16S4 according to 
the arrangement still used (in 23 classes, each designated by a 
letter of the alphabet), with an alphabetical index After Colbert s 
death Louvois employed Mabillon, Tbevenol and others to pro- 
cure hooks, etc . from all parts of the world A new catalogue 
was compiled in 16SS in 8 lols by several scholars. Towards the 
end of Louis XlV.’s reign it contamed over 70,000 volumes 
Under the Abbe Bignon the library was removed to its present 
home in the Rue Richelieu Between 173$ and 1739 a catalogue 
in II vols w'as printed and duphcaies were sold In Louis XVI 's 
reign the La Valhfere sale yielded many valuable accessions, A 
few years before the Revolution, the printed hooks numbered 
over 300,000 vols and opuscules The Revolution increased the 
library* now called the Bibiiotheque Nationale, and the other 
State libraries, with the forfeited collections of the emigres, 
as well as of the suppressed rehgious communities, which by 
enactments of 1789-92 were gathered into “depfits litteraires ” 
{See below opening of account of provincial libraries ) In the 
difficulties made by such numerous acquisitions Van Praet showed 
himself a great administrator. Napokon mcreased the Govern- 
ment grant; and by tie strict enforcement of the law of deposits, 
as well as by the acquisition of collections, the library progressed, 
under him, towards his idea of universahty At the beginning of 
the century it held 250,000 printed vols., 83,000 mss . and 
1,500,000 engravings After 1815 the mss nhich he had taken 
from conquered capitals had to be returned After the World 
War. with the fall in the value of the franc, the library was 
seriously unpovenshed. A new administrator, P. Roland-Marcei, 
mitigated poverty by vanous means, (i) a “consortmni,” under 
a Joint council, of the library with the other chief Parisian 
national hbraries, t e , the Mazarine (which became the 5th depart- 
ment of the Nationale), the Samte-Geneiieve, and the Arsenal, 
and later, the University ot Paris, by decrees of Aug 29, 1923, and 
Dec 28, 1926, purchases of books and periodicals being divided 
between them: (2) the library, and then the group, were by laws 
of April 2S, 1927, and March 5, 1928, given the status of “civil 
personality,” carrying the right to hold funds, (3) theloi du d6pot 
legal was amended, with the result of greatly enlsi-ging the re- 
ceipts of current French books; the weekly catalogue ol accessions 
of new French books was amalgamated with the list of new publi- 
cations issued by the trade (“Bibhographie de U France”), (4) 
the "saile ovale” or “salle de lecture publique,” rendered less im- 
portant by the development of the public libraries of the arron- 
dissements of Paris, was, in 1928, being co-nveTfed into a periodical 
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r;C''c pc” oJitOiS. etc ' ' maps md pla^s 300 00c in 28,000 vois 
it >fan’>ci rrecxirjts ( 3 ) Estampes, 3 015,000 pieces. 
j. bfecaijks rri 50c p'cces 

Icir "uz^s m toe “saile de *ravd]'‘ is obmined tiEoa^ a 
mr;? p'occrcc from the stcreLcria. oisLe The slip catalogue 
roord m i jLtss ciies 'rom i8s2 and gives a Fst of all acces- 
sion: ;'r;e tha', date k is ±z :dei :mo tTio parts one for the 
uorra 2cd the ctter for subjects Or the Cafdogus 
Ci ^ Atrej hiptivies jcthora onl}'), yi vois , A '•Lecompte, 
bed ippaared :r. rjrr It :s erpe'tei to oe compietea in ir years, 
y-uajms periodical etc are reserved for later ireaimeDt 
fee pretace to vol 1 byL Dehsle is a "aliiabls historicai account 
of tat Iibrap- The p:ace of the uapeblished volumes was from 
’V'C supplied by a photographic issue of the ms slips of the 
cus-en cctiloc,.? Cfhet exceptionally important cstalogues out 
t: verv' many are: Cuto'ogae de Vhistoife de T^aitce (1SS5-S9. 
CI vok ' TzKe des c^hars. Ca'alogue geyieral des hcunaldes 
ofj tAllizMrtss piMqti&s de P’-ance, by M Pellecbe: and L 
'iS; 7~igoyj, Li'ire^ d'lleurss impnmes au 
-h j jie’.v voirjsmw J-ew Us btVicfkeques pablsquBs ds Paris, 
^ L-comfae ^190'. etc L Aallee’s Cdtclogue des cartes et 

h. .;/ic -I'Vjfs u Pars ez aux enursns de Pans (190S), BiUiog- 

rcKrPii des Uasavi hsts'tques et archiologtquei pubUis 
k; .retires sas, antes de i-a Prance, bv R. de Lsstevrie m 
cj.VmratiOT inti d E. LsfeiTe-Pontalis. s' Bougenot. A Vidier, 

i. V, f _5ss— iCeS / ; H Oitont s Cacalaeue gdtie>'iil des ^niastu- 

I ; 395-15 iS, 13 vcls. and index in the press, 1938) 

_= or toe Gritek collection impomnt catalogues ha-,e been made 
c>^H O.'nort, the present keeper of the nsmsengts, and for the 
^ Ds^hSifi ]Xi OoiMit and oth^irs For manv onentai 

-jrpagt:- tmatcmies bare oeatt compiled, and those "of manu- 
«npts m mocem languages are nearly all completed. The 
t.-partemeais des M&daite et des Estampes nossess ercellent' 
cxm.csues The termer department includes ^ases, bronnes and 
genu ^ tr.e caamgut- m the Greek and Early Fiencb senes ere 
,t..,Arsa-ie The Dcnarterreii: ces Estampes has been desenbed 
f H rf. pehbordeb le Ddparieftmn des Estampes a 

« IrctOKofe (i&7s> it includes drawmgs F. 

Coticgw somma,re des grcvwres et Hmographies 
\ f -ScjtfJX'e /rpoo-nii 33 s,,pport£d by m^v fine 

libraries. 

BtUhiheques et des 

2.^S » <« o; a» .te S' 

BAhsieldw dc lArSMiai was founded by the marquis de 

centurv; in 1786 

v.*cajiea, ta about 950,000 vo5s, 1146^ -^jyj 


lf± of which rhTRleZr/;: 

t Iw ““ f^tiS 

5»3tS'' " “ 'a- ?( 

m Bibtloafequ^ Mamrfe owes its origin to tie great cardinal 


who oniided to d rect on to ,j„br el \aude t was open to the 
puDhc m -64s Dispersed during the Fronde, it was reconstituted 
! with 40000 V0I5 after Maaarms death, in 166 1, and left to the 
, College des Quatre-NaDons, which, in 1691 made it again public 
Ir IS now one of the libraries of the national “consortium,'' and 
, forms a sth depariment of the Rationale, it has 300,000 printed 
' vois., mcluding i ,900 incunabula, and 4,600 mss 

The first library of the Genovefains had nearly disappeared 
when Cardinal Francois de la Rochefoucauld, who had charge of 
the reformatton of that order, constituted, in 164s, a new library 
with his own books The Bibiiorheque 3te -Genevieve, in 1716 
possessed 45000 lols It became national property in 1791, and 
was called the Bxhhotheque du Pantheon and added 10 the Lycee 
Henri IV under the Empire In toaS it contained 510,000 
printed vols. 1,223 incunabula, 3,872 mss., 40,000 prints and 
! 4,000 maps and plans There is a special Scandinavian section 
under the patronage of the Governments of the four Scandinavian 
countries, which, in tum, appoint the librarian The genera] 
catalogue of printed books (1891, and suppL to igioj, of inss 
[1854-56, and suppf 1913), and others are panted 
OffieiaL — The Bibhotheque du Mimstere des aftaires ettan- 
g^res contains 90,000 vols, 300,000 pamphlets and 500 ooo docu- 
ments The Eiblioiheque du MiiJisiere de la Guerre, formed by 
Louvois, possesses 180,000 vok and S61 mss The Ecole 
supeneure de la Guerre (70,000 vols ) and other institutions 
come taider this department The Bibliotbeque et Ffusee de L\ 

1 Guerre, founded after the World War, has 110,000 vols,, apart 
I from periodicals, documents maps etc The Bibhotheque du 
Mimstere dc k Marne is of old formation {catalogue 1858-43} , 
it contains 6c 000 vols and 376 mss , the catalogue of niaruiscripta 
•was compiled in 1907 The Service hydrographique has 70,000 
vols and 351 mss The Bibhotheque de la Chambre des deputes 
(1796; possesses 350,000 printed books and 1,632 mss (printed 
catalogue of law and political economy, 1883, and of mss , 1907) 
The Bibh‘oth^;que du Sdnat (rStS) contains 170,000 vols, and 
1,345 less There are also the following law libraries Office de 
legislation etrangere (So, 000 vols j , Facultd de droit of the 
University (ir 2,000 vols), Cour d'appel, Ordre des avocats 
vi37i), 80000 vols [printed catalogue, 18S0-82I , avocats de la 
Cour de Cassation, and Cour de Cassation The City of Pans 
owns among other libraries, the Bibhotheque Histonque de Li 
VilJe de Pans, destroyed m 1871 bur restored in 7872 (about hx-ilf 
a millioa vols), the Forney (industrial art), and those of pre- 
fectures, hospitals and schools. The arrondissements have each 
iiom three to sk popular libraries, the stocks ranging from 2,000 
CO 17,000 vois. and averaging about 6,000 A few have children's 
libraries The Association des BibUothecaires Franqais in 1928 
urged a development of popular public libraries in France generally. 
Educational,— The library of the university is that of the 
borboane (1762), originally mcluding only arts and theology In 
1800 It was the Bibhotheque du Prytanee, in iSoS des Ouatres 
Lycres, and m 1812 de TUaiversite de France The faculty 
Sciences et des Lettres a k Sorbonne 
S Pharmacie Before the separation 

Art ^Sl Protestant Theology 

National it is the richest, and above ril 
of aassics archaeology and licuraiure, philosoohv, 
math^atics and phj^ics Installed since the year 1897 in (he 

rt" tf “ The section S 

^lences et Lettres has 700,000 printed books and 1,590 mss 

^opgst important kquescs are those of Lederc, Peccot ^Lavks? 

Sh^?:: 

At the Sorbonne are also to be found the libraries of iho 

geological The section relatm* to 
^dicrae housed since tSgr in the new buildings of the FaLlte 

le kfSi de Bibhotheque 

ueia faemte de Dpt (1772), contains 172,000 vols The fnuri*' 

s-u? ™ ®'nt 7^Tl t (Srs 
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The other h'brancs connected with higher edacation include that 
of the ficoie des, Beaus* Arts (40,000 vols , 100.000 reproductions, 

14.000 drawings ) , Bcole normaie sup^rieure (1794). has a portion 
of Cuvier’s library, there are 400,000 vols.; Ecok des Cbartes 
(50,000 vols ) The hbrary of the Museum d'histoire naturelle 
(iSth century) has 205,000 vols, 2,300 mss, S,5o£> original 
drawings on vellum from 1631 The Bibliotheque de I’Office et 
Mus6e de ITnstruction publique (formerly Musee pedagogique), 
1880, has 100,000 volumes. The other principal museums 
(Lour re, Cluuy, Guimet, etc ) ha^'C large worbng libraries for 
the curators and students In 1760 was founded the Biniiotheque 
de rinbtitut de France, which is very rich; its acquisui'ins come 
particularly from gifts and exchanges (600,000 vols X369 mss ), 
especially the modern one, the Fondation Thiers <75,000 vols and 

1.000 mss ), IS attached to the Institut Among otnef libraries may 
be mentioned those of the Conservatoire Kational de Musique et 
de Declamation (17751, Observatoire (25000 volsl; Instiiui 
Cathohque (180,000 vols), Conservatoire national des arts et 
metiers (60 000 vols ) ; Polonaise (attached to the Academic 
polonaise des sciences et letfres) containing the musee Adam 
Mickiewcz [120,000 vols, rs,aoo mss and autographs, 30,000 
prints) , and the Comedie Frangaise (30,000 vols. and 1,70c mss ) 

Before the Revolution there were, m Pans alone, i,iqo libraries 
With two million volumes In 1791 more than 800,000 vols were 
seized in Parisian religious bouses and transferred to eight “depots 
htteraires,” while, in the provinces, sue million vols were seized 
and transferred to sunilar local depositories The organization 
of the central hbranes (decree of 3 Brumaire .An IV -Oct 25, 
1795), came to nothing, but the consular edict of Jan 2S, 1S03, 
organized the local depots, and the library system was recon- 
stituted, alike in Pans and the provinces Many precious nooks 
and mss were faamt, since by the decree of 4 Brumaire An II | 
(Oct as, I7<33) the Committee of Instruction ordered, on the ! 
proposition of its president, the deputy Romme, the destruction ^ 
or modification of supposedly feudalist books and objects of art 

The books in public pronneial hbranes, numbered, m igio, 
over 9,300,000 vols , 15,540 incunabula and 93 9S6 mss , and the 
number of printed books was probably nearly doubled by 1928 
The number m the colonies and protected Stares outside France 
IS uncertain, but in 1910 was over 200,000 vols , to this must 
be added the 3,428,954 vols then contained in the university 
hbranes. now, doubtless, more than doubled, even without reckon- 
ing that of Strasbourg, transferred from Germany There are 
over 300 departmental libraries, and as many belong to learned 
societies. Nearly ail are administered under State control by 
municipalities The collectioiis distributed from the depots after 
t3o 5 remain State property, and the 42 libraries m which these 
“fonds d’Etat" preponderate are “classed” by the Ministry of 
Public Instruction; the librarians of these have higher qualifica- 
tions and are less subject to local control than those of the 
"unclasscd ” They are organized by a law of 1S97, and like the 
universities, are subject to the m.spectorate of the Ministry and 
Us consultative commission, estabhshed in igog This body 
controls professional qualifications, and publishes collective cata- 
logues (as of mss and incunabula) and technical instructions 

Old Municipal Libraries. — In most towns there are, besides 
the learned and historical “bibliotheque de la mile,” popular 
lending libraries, privately founded, but since 1S74 subsidized, 
supplied with books and inspected by the Ministry In one or 
two departments there is the beginning of a rural circulating 
aystem Most municipal libraries date but a short time before 
the Revolution, but there are exceptions- Thus Angers owes its 
first collection to Alam de 3a Rue about 1376, it now contains 
g2,r70 vols., ri incunabula and 3,120 mss. That of Bourges 
dates from 1466 (45,900 vols , 325 incunabula, 485 mss ) That 
of Carpentras was established by Michel Anghci between 1453 
and 1474 (83 000 vols, 1S4 incunabula, 2,154 tnss.) Mathieu de 
k Porte 15 said to be the founder of the library at Clermont- 
Ferrand, at the end of the 15th century; it contained rather more 
t han 49-000 vols at the time of its union with the Bibhoth^ue 
Universitaire 

Amongst the libraries which date from the x 6 th century must 


be mentioned that at Lyons, founded by Frangois I in 1537, F 
possesses 600.955 vols, 897 incunabula and 9,730 ^*^5 (inan.5 
catalogues printed) 

In the 17th century were established the foJiowing libraries 
Abbeville, by Charles Sanson in 1685; Besangon. by Abbe Boisot 
in 1696, La" Rochelle, by the Consistoire Reforme m 1604; St 
Etienne, by Cardinal de Vilkroi 

Ttie principal hbraries founded during the iSth century are the 
following Aix-en-Provence (1705); Bordeaux (173S)) Cbambery 
(17367, Dijon (1701); Grenoble (1772); Marseilles {x.?gg), 
Nancy (17501; Nantes (175^), Nice {17861; Nimes (tjyB), 
Niort (177:7, Perpignan (i759'3; Rennes (1733)' Toulouse 
(1782) The World War wroughr very great havoc among the 
libraries of the northern departments The libraries of Arras, 
Douai Feronne, Rethel, Samt-Quentin. Compiegne, Noyon, Ver- 
dun, and many other places were wholly or krgely destroyed; 
that of Reims was mainly removed to safety 

Nearly all the other municipal libraries date from the distribu* 
tion of the depors htceraires in 1S03 Those of Atignon, 
Montpellier, Caen, Rouen, Tours, and Versailles are specially 
important: in a second rank come Amiens, Auxerre, Beaune, 
Brest, Douai, le Havre, le Mans, Orleans, Pan, Poitiers, Toulon. 

The Mmisrry of Public Instruction has published joint cacs- 
logues of certain classes, eg, Catahsiies des mss des bibko- 
tMgms de Paris et des Departements (1885), and the Catalogue 
Gineral des Incunables des Bibhotkeqites Puhliques de !a Prance, 
by Mane PeUechet and M, L Pokiii (vok i—iii ah) The 
old university hbranes, scattered and thrown into the depots at 
the Revolution were re-established by acts of 1S75, 1879 and 
1882, when Jules Ferry umted the faculty hbranes m each of 
I 17 academic districts in one 'university; tml personality, carrying 
I financial autonomy, foliowed in 1896. The Bibliotheque Nauonale 
et Universitaire, formerly the Uiuversrtats und Landesbibliothek. 
of Strasbourg founded in iSri to replace that burned in the 
Franco-Prussian war, is the largest provmciai university library 
(1,700,000 vols, 1,900 incunabula, 4,759 ibss, 5.000 papyri), 
Others are Aix, Algiers, Besangon, Bordeaux, Caen, Clermont, 
Dijon, Grenoble, Lille, Lyons, Marseilles, Montpellier, Poitiers, 
Rennes. Toukuse That of Nancy was totally burned ten days 
before the Armistice of 1919, The library profession is organized 
by central legislation, starting from a royal ordinance of 1839, 
which assigned one-third of the higher posts to trained “archi- 
vistes-palRigraphes ” Municipal librarians are apjjomted by the 
mayors The prefect of the Seine appoints those of the City of 
Paris, since 1904 exacting certain technical training The ‘classed'' 
hbranes are seekmg complete nationalization, on the lines of the 
organization of the archives, and the establishment of a single 
certificate of training (Ch Mortet, “The Public Libraries of 
I France ” in Library Assoc Record, 1935, pp r45“r59) 

The Association des Bibliothecaire,? Frangas (founded in 1906, 
its bulletin, 1907, now forming pari of the Revue acs Bihiio- 
theqms) actively promotes hbrary reform 

GERMANY (WITH AUSTRIA AND SWITZERLAND^ 

Germany is emphatically the home of large libraries; there is 
no law of deposit wider than the individual States and Saxony 
and some less important parts of the Reich have no law of deposit 
at all. To supply the lack of a single libraiy, where all German 
books may be preserved, the national book-trade union, the 
Bdrsenverein der Deutschen Buchhandler, established one, the 
Deatsche Bucherei, in Leipzig m 1913, this is subsidized by the 
Reich the Saxon State, and the city, and the books are deposited 
fredy by a voluntary agreement of the publishers It had 675 ooo 
vols. in 1928 There is an active professional body, the Verein 
deutscher Bihliothekare. which, since 1902, has published a valu- 
able year book la 1921 the Austrian association joined the Ger- 
man The number of German universities has tended to tnultip'y 
considerable collections; 1,6x7 libranes -were roistered by P 
Schwenke in 1891. The Jahrbuch der deutschen Bibliothehen for 
1937, which gives statistics and administrative details of 395 
I German libraries, makes a total of 41,000,000 vols.; in 1909 W 
I Erman had reckoned 190 libraries and 23,500000 volumes 
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£ ' j. er are ^ a ontrol T^e 

Ci’*Tr e VC h e i become le s and 
i 2. e J „„*d..e2 are wuely used and 

.Otis z'c crrrCTec siter-sheiy. erpsusLy iii Piussh la igaj. 

rlis i.eive’-kfhrjari^uas die dcutschm Bib- 
1 ' £j:“ z^:z:mec i"Z c-'ser^cez raui’jai ienchcg bsivveen 

;> f's ■ ry ipr.r.g ta S^iancial exhaustion and the 
icariAi izr. :i :he s^rrerxy maer r^iS, Gentian Hbcaries were 
-r. .te ^cru'Tt puPiizar'cr'j and in zgco ibefe was 

Vuv:-c 'tc X'Q"£eKi?:.-id3ii' der dsu:=chea Wisseaschafc (emer- 
u'lioL a: utiui^n .earn.r'g • to secure ties cf recerR foreign 
■^jr’cl- :c svehange. and to distnbute foreign pubJica- 

iur' i'teiT. I no Gsnnaa ’ubranes By edict oi Jan 5, igsS, s. 
u. '‘'''al tx^hcrie u-reau fReichauitaaschsrelie ' wss formed in 
e ‘be Ir/enor to '^erve the same purpc'ies as the 


'£«! two j.n? .tuuc'i 
or rsrarts 


Po-jvrr I’srar ts t Volksbuchereisn 1 exist in most lowns, Karl 
VKUibtr fcrttsC s pian fer setting them up in and four 
v,ere fcunctea in Beriin in i 3 jc Alter a number of popular 
brrtri-is were es abdsteG some bj moiLLCipaiities, but many fay 
„S'=OL-’it,ons _r.d drms In 1907 ihs Berlin. Oty library was 
rojudetl; it now rRS to Distness and go branches, with 400.000 
hooss Harburg mio hts a large system 
Afost C'i the itmes ha‘ e a consuliaave oEce for popular 
uitraries and the Deutsche Zsntraisi^je tiir J’o&tmnliches Buch- 
era’^esen arts as ^ cer re The Veiband DeuGcher Volksbifaho' 
tbu-t^re ifuntded in ijuu as the Dtdtscber Buckereircrbcnd) 
purisbe; an -oniiti mreclon f rgu6 ■ lery few Voifcsbuchereien 
hu'Ttcver „:'sir.pi the work of the public iiprary of Enghsh-speak- 
irc co-ir-tnes fi.ni .,ie e-Ependiturc on them is only a halfpenny 
per ntac In Prjssta since jgc' and in Baden since ipa? a coim- 
i-u 'teals w..h i.brary matter? at /be hlinistiy cf Public Instruction. 
Gtmerally the State dees no: ccn.en itself with the town libra- 
ries and ‘he pupuiar ubranes but there is much m common fae- 
‘veen tasse tv.y classes sotnei.c}es popular lifaranes are under 
is supamsiun of a scientincaliy sdnnoistered town hbraiy as 
m Berlin Danzig e^c; CiSewhere as at hlagdeburg, we see an 
accifiir^ icuitoctiyn take up the obhgations of a public librarv 
Ir ?rj.-s!c from 1 595, and in Bavana. regulations are iti force as 
:a me prc’-irssicnal educanon of librarians. This reguiaticn has 
ueuu m lo-ce as regards lifaranans m Savaria from 1905, Through- 

oy qualifications into three 
There are" s^coo^s of Iibrariitisiup at Beriiii (icai 
oar:uvd Hi Gdtunfeii :n :£ 36 )^ Muaxch. Leipzig, Frexburg and 
Brt'x.n 

Libraries isi Berlm,— Berlin is well supplied with lifaranes 
-cu cemg regit ert.d by P nchwenke and A. Hortsschanshy in 
tjicO vjir about tiye msUicn pnnted volumes. The largest of 
mrm lae h att tformerly RejaD Lbrarvu wkch w-as founded 
-ad fficoe puPuC .y tse "Great Elector Frederick Walliam, in 
^ *1? ucrarj betame entitled to a copy of every 

Gie rovii lerritones, and st has received 
- a ac.essio-i;, fa; purca^sp and otherwise It now in- 

c.uce< a.i -> -0: printed 1 oi=. md 56 Sxo ms.. Current catalogues 
«. a.'.eyMOu. since r’.gr and of the Prussian Unwerjity libraries 
7,^ 1“!'! 01 3' jcemic publications of German universities, 

-- . -5I -‘i'"- 1*; - 

'jf if and form the richest 

J.1.U-U.. iR .lie world as regards autographs The builoncr 
trected^acou: rrSo by Frederick the Great Uuilt ir 

ty ptetS' "A? e>tabb 4 «i 

tab: 

r ■?“ from iSir) 

sat'* ” 


[GERMANY 

■vh re aay nacticular hook may he consulted) and the Komm s 
‘I’ca hr den Gesaiutkatalog der Wiegendrucke (a complete cata- 
logue of books pnnted before r5ooJ of which 3 vojs out of la 
or more, appeared by xgsi For most of these improvements 
and for many others credit is due to Friedrich Althofi for 13 
years Prussian minister for education 
The University library (1S31} numbers 381,000 vols , exclusive 
of dissertations The hbrarj' possesses the right to receive a copy 
of eveiy work pufahshed in the prownce of Brandenburg 
Some of the governmental libraries are important, mostly those 
of Berun, especiaily those of the War O&ce 1553,000 vols S 
Staast’sehes Landesamt [260,344 vols); Reichstag (277,500 
vo’s), and Parent-Amt [257,000 vols) 

The Prussian University hbranes outside Berlin include Bonn 
(511,380 pnnted vols ,2.140 mss i, Breslau (545 305 printed vols 
4,570 mss ), Gottingen, from its loundation, in 1736-37, the 
best administered library of the iSch ceuturj' (734,949 vols 
8,134 J> -^jeh Konfgsberg, Marburg, Munster Largely in 
consequence of the impoverishment of the years after igiH the 
university libraries practise a division of the field of knowledge 
according to Dr Balcke. (C Balcke ‘The German Library 
World,’ m TJie Lihrery AssoaaUon Reco/d, 1927, pp loi-icr, 
the onJv' recent general account of German libraries; this sec! Ion 
IS in part based upon it) Bonn collects Romance, GdUingen 
English, Kiel Scandinav'ian, Breslau Slavonic, Heidelberg art and 
archaeology Kom'gsberg philosophy, Leipzig Italian and oiienl.^l, 
Tubingen theology and onental Berlin Gei-man and foreign acad- 
etnica, and Gnefswald Low German Under provincial .idminis- 
fration are the [formerly) Konigliche und Provinzialfaibhoi hek at 
Hanover (232,000 pnnted vols , 4,083 mss ), and the Laiidesbib- 
hothek at Cassel (230,000 pnnted vols 4,400 mss ) Ffaukfurt 
a/M , Cologne and other large towns possess e.xceileiit municipal 
libraries 

Muaieli. — The libraries of Munich include two of great im- 
portance The State (formerly Royal) library was founded by 
Duke Albrecht V of Bavaria who made numeious 

purchases from Italy, and incorporated the libi.triea of the Nurem- 
berg physicisa and historian Srhedel, of Widmaimstadt, and of 
J J Fugger The number of pnnted vols. is estinuted at 
1,580,000 and about 50 o-ro mss The library has r6,ooo inc-una- 
buia, many from the monastic hbrancs olosed in 1803 The 
oriental mss are numerous and valuable, and include the" library 
of Martin Haug The catalogue ot the pnnted books are m inanu- 
script, printed catalogue of mss. (1S53). The University libr.trv 
(850000 vols, 4,000 incunabula, 4,000 mss, 45,000 vols. on 
reference shelves) was originally founded at Ingolstadt in 1472 
and removed with the university to Munich in 1826 After these 
two the most noteworthy is the Bavrische Armee-Bibliothek 
<136,950 voE.). 

The chief Bavarian libraries outside Munich are the State 
(formerly Royal) library at Bamberg (400,000 yoh , 4,320 mss } 
and the University hbrary at Wurzburg (600,000 vols , 1,750 
wL 1, of Erlangen, Augsburg and Nuremberg 

NMional moseu/n (300 000 vols , 4,000 mss ) 

Dresden,— In jgob there were m Dresden 78 nuHic libraries 
about 7,495 000 volumes The Sachsische (formerly Konig- 

Japanese paUce was founded in 

® and literature, and has 

694 800 vols and 460,000 pamphlets, with 7,000 mss 

citSTIiSm Padagogische 

‘ (283,010 vols) is per- 

haps the argest educational library in the world The Deutsche 
Buchemi 1 ^ already beea mentioned The University hbrary of 

Stuttgart (1765) 

piwsesses 4S1-336 vols . 263 041 pamphlets, and 6 707 mss with 
a famous coEedion of Bibles. The hbraiy also enjoiZ VZ 
pnvaege m Wumemberg. The former 

Ditm.Mdt.-Tb, forain Ga.d.doaU libniy ol DmosMt, 
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now the Hessische Landesbibiiothek, was estabiished by the grand j 
duke Louis I m i8rg on the basis of a I’jih. ceatuiy library, 
and includes 673,651 vois. and 3,857 tass. 

Among the other hbranes of Hesse the chief are the University 
library at Giessen and the Stadtbiohothek at Mainz (including 
the Gutenberg museum] 

In the Grand Duchy ot Baden are the Badische (formerly 
Hof- und) Landes-Bibhothek at Carisruhe (276,947 vols., 4,2,50 
mss'), the University libraries at Freiburg 1 /B (420,000 vok, 
700 mss), and Heidelberg (1386]. the oldest of the German 
University lituaries In 1623 the whole collection of the last 
named was given to the pope, and only the German mss were 
returned The library was re-established in 1703, and after i 3 oo 
enriched with monastic spoils, it not^ contains 928,301 vols, | 
apart from dissertations etc, 3,721 mss , and about 5,200 papyri, | 
for the most part of great value ! 

In other German Stales should be mentioned Jena, Rostock, 
Schwerin, Weimar, all possessing rich collections of mss 
The Ducal library of Gotha was established by Duke Ernest 
the Pious in the i ;th century, and contains many valuable books 
and mss from monastic collections It numbers about 250000 
vols , with 7,728 mss The catalogue of the oriental mss., chiefly 
collected by Seetzen, and forming one-half of the collection, is 
one of the best in existence 

The Herzog August (fornierlj' Landes) Iibrarj' at Wolxenbuttel, 
founded in the second half of the 16th century by Duke Julius, 
was made over to the university of Helmstedt in 1614, whence 
the most important treasures were returned to Wolfenbuttel in 
the igth century, it now numbers 350,000 vols, and 8,400 mss, 
and IS exceptionally rich in incunabula 

The chief libraries of the Hanse towns are those of Bremen, 
Lubeik and Hamburg (Staats- und Universitats- formerly Stadt- 
bibuothek), made public since 164S (6So,ooo voh 12,652 mss, 
among them many Mexican), Hamburg has also, in the Kom- 
merzbibhothck (175,000 vols), a valuable trade collection. 

Austria, — The Adressbuck der 'BibliothcKen der Oesterre-tch- 
wt-isnschen Monarchic, by BohatU and Holzraann (tgoo), de- 
scribed the libraries of the Austro-Hungarian empire The largest 
library m Austria, and one of the chief in Europe, is the National- 
bibh'othek (before 1920 Hofbibhothekl (1440), including a por- 
tion of the library of Matthias Corvinus Smce iSoS the library 
has also been entitled to the copy-privilege. Thenamber of printed 
vols is 1 210,000, 9,000 incunabula The mss. amount to 27000 
(2,360 oriental;, with 100,000 papyri of the collection of Arch- 
duke Rainei, The main room is one of the most splendid in 
Europe The collection of prints was separated from the books i 
in 1921 and annexed to the Mbertina The University library of ; 
Menna (1775) 1.050,000 vols , was established by Maria Theresa 1 
and IS open 10 ail, this library also lends 1 

The number of libraries in Vienna enumerated by Bohatta and | 
Holzmann is 165, 25 ol the chief are descnbed by R Teichl, i 
Wiener Bibhotkeki,fuhrer imd Plo?i ( 1926) [ 

The number of monastic libraries in Austria is very consider- I 
able They possess altogether more than 2,500 ooo pnnced voU.. ] 

25.000 incunabula and 35 000 mss The oldest library in Austria j 
lb that of the monastery of 3 t Peter at Salzburg (tSs-SziI 

70.000 vcls , nearly 1,500 incunabula Kremsmunster (xoo.ooo), 
Admont (S6,oao) and Melk (70000), date from the rrth cen- 
tury Account of their mss appear from time to tune in Zentral- 
blott fur hiblioikakmeseti Many of their hbranans are trained 
in the great Vienna libraries 

S-witzetland, — ^Among the Swiss libraries, which numbered 
2,096 in 1S6S, there is none of the first rank The University 
hbrary at Basie (1460) the Cantonal library at Lausanne, and the 
Stadtbibliotbek at Beme, which, since 1003 is united to the Uni- 
versity hbrary of that city, the Laades-Bibhotbek IBibhotheqoe 
Nationale) at Berne, and the City library of Geneva are consider- 
able All the Swiss literature since iSaS is collected by the 
Laiides-Bibliothek at Beme, established in 1895 for this special 
objecc There is now no legal, but only a voluntary, deposit of 
Swiss hooks. Older Helvetiana are collected in the subsidized 
Burgerbibliothek at Lucerne The monastic libraries of St, Gall 


CS30) and Einsiedein (046), are of great historical interest 
League of Nations has its library at Geneva; The Rockefeller 
foundation made, 1927, a large gift to the League for a library 
building 

OTHER EUROPEAN COUNTRIES 
Htingary.-— Information about the chief libraries in Hmgary 
under the dual monarchy was giien annually up to lyix in the 
Hungarian, Siatisiicsl Y ear Book. The largest hbrary in Hungarj 
IS the Szechenyi-Nationaibibhoihek at Budapest founded in i5o2 
by the gift of the hbrary of Count Franz Szechenyi It contains 
400,000 pnnted vols. and 16 000 mss , and has it lending and four 
reference branches. The Umversitj-’ hbrary of Budapest (1635) 
includes 543,572 pnnted books and 3,401 mss Since 1807 there 
hds been m Hungary a chief inspector of museums and libraries. 
He has chaige of a general catalogue of ah the mss and eariy 
I printed books in Hungary, 

j After the war, the central bureau of public libraries ocgamzed 
I exchange, distributing the literature received m this way from 
I abroad It also produces a general catalogue of accessions (which 
serves as a current national bibliography) 

The library of the Benedictines at St hfartinsberg (nth cen- 
tury) is the central library of ^he order m Hungary, and contains 
nearly 1 70.000 vols Its principal treasures were, on the seculari- 
zation of the monasteries distributed among the State libraries 
in Budapest 

Czechoslovakia, — The most considerable libraries in the Re- 
public are the University hbrazy, Prague (i30d'i773) with 591,- 
245 vols the National library at Prague (1918) with over 70,000 
vols and many State dotument-s and the Central library (iSgr) 
.with 378,562 volumes 

During the 10th century, free libraries were founded by^the 
clergy and school teachers, while the library penodical, Chkd 
Osveta (1004), helped to spread a knowuedge of Anglo-.Atnencan 
popular hbrarj' methods By this each community was to estab- 
lish a public library, administered by special locsliy-elected 
I bodies, a imnimtira library tax of 50, 60, 70 or So hellers (0 7Sd , 

' o pd , I Ojd , or 1 2d ) per head is levied in towns of less than 
J 5,000, rcooo or 100,000, or of over 10,000 inhabitants respec- 
I lively All libraries thus estabhshed are controlled by the 
■ Ministry of Education, which nsues statistics In 1920 there 
■were 3,343 libraries with 1644,558 vois _ 31c 880 borrowers, 
3.180.509 issues for borne use, and a total income of 3,212,026 
Czech crowns; in T927 there were 15 355 libraries with 5,444.844 
vols, 330.326 borrowers, 14440,593 home issues, and income 
16,275,308 Czech crowns The at erage or readers to a library was 
S60, and one book to every two reader',. The expenoiture per 
head was i 55 Czech crown (2 33d) as against the sum of one 
Czech crown ( I sd ) laid down by the MW of 1919, 

Italy. — ^As the former centre of ci\ ilisation, Italy is the home 
of the oldest libraries The Vatican at Rome and the Laurentiam 
at Florence are sufheient in themselves to give Italy primacy in 
respect of rare and valuable mss and for antiquity there are the 
venerable reLcs at Vercelli Monte Cassmo and La Cava The 
local rights which so long impeded the unif.cation of Italy created 
and preserved many hbraries which would have been lost under 
a Central State Italy is still, in spite of war and collectors, rich 
I in hooks Official statistics oi i 3 g 6 gave particulars of 1,831 
. libraries, of which 419 are piovincial and communal In 1S93 
there were 542 popular and circulating A Bolfettmo for these 
bibliotfche popolare was commenced in 1Q07, and a congress held 
at Rome in 1908 

Governmental Libraries. — Governmental libraries (bibh~ 

1 oteche ^overnative} are under the minister of public instruction 
I The pre-Fascist Re^olamento con( rolling them was is-^ued in the 
i Bollelmo Dec 5, 1907 They consisted of the national 

I central hbraries of Rome (Vittorio Emanuele') and Florence, of 
the national libraries of Milan (Braidense). Naples, Palermo, 
Turin and Venice (Marciana), the Biblioteca govemativa at 
Cremona, the Manicelbana the hlediceo-Laurenziana and the 
Riccardiana at Florence the govemativa at Lucca the Estense 
at Modena, the Braticacciana and that of San Giacomo at Naples; 
the Palatma at Parma, the Angelica, the Casanatense. and the 
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u 0- Ren). Che adver^i'vnbranes of Bclogr^a. Caghan, XIV in 1769, and Pms VI m 1775, were a’ so benefactors After 
flrs'inc ilcfc'ii Naples Paici, Pai.ia Pisa< three ceaturies of uninterrupted growth the \at;cana was ■' 
f lie Venun'i-zaio fnith Jie joversity hbrary 

,i ±e Va.L!ce'h„ra and :fce mn^ioal iaurari of the S. 

5 : CeoLa at Ronae the rjusica] section of the Pakttae 
.nJ 'be LutPc,sit-Ps>u < added to the r.atioaal libran- , rat back 

Tg“ mni'tei c^’ p'ub-ic isstriicttin ti assisted bv cc i the bbrar. ui *** — , — - a t- 

'purchases jf the 19th century were the splendid Qcognaia 
farchaeoiogj and art. 1S23J, Cardinal Mai, 40,000 vok {1856 1, 
some 3C0 Borghese mss. from the papal library of Avignon, the 
Barbenni library and the Borgia collection Ue PropaS'Mcia Piir 
lie printed books m the Vaticana number some 350,000, the 
mss. about 53,000, and the incunabula about d.oou wth many 

great nuraber of bibliographical 


undergo a severe blow In 1798 after the Treaty of T&lentmo 
sea piuJEed mss were sent to Pans These, however, were chiefly 
restored in 1S15. though most of the Palatine mss. found their 
ioaai uorari' , rar back not to Rome but to Heidelberg Pms VII acquired 
issisted by 'cc i the hbran- or Cardinal Zelada in iSoo, and among importani 

_ I I M OT*ii tB<i wTvi <=*TT[ I r) 


3,^: r Ez:t Ltrdry as to possess a "ei;er£- ^mentory 

, „C’'a ’1""-' r-.g;.u-r on aiphjuencai aathor-caraloguo and a 

-.st- ,c'-.c.t„\ C tiicgucb of ;hv speemi toiiccunns were netr 
'1 'cmuLf A generC cms-tigue of toe mss was in 1910 
‘“’m" i'ltei rcg-cifecr w.tn carekgctes ot onentJ codices and 
'1 ’m/is are thosei bv the librarians in Govemment , 

tVTieb and jc be uriieryn i’bmries parch b> a protessional ' veilnxn copies, 500 Aldines and a. ^ ^ 

u Tre-c.to Bob' Sept i“ silo* ienduiglo rarities, including very many presentation copies Among tlie 

I tar c'jMV.n.s umrsr sue A onumitanccs ■ Greek and Latin mss are some of the most aticiera and valuable 

'5 Jik.-o.^c^e annually spent, n 190S about I in the -world; f the famous biblical CoJtx VatKanus of the 4th 

Their accessions tiere zsegso: thore were ^ century, the two Virgils of the 4th and 5th centuries, the Bembo 

c= ubrancs ccnhscatec from sap- j Terence and the palimpsest Ve RepiMka of Cicero 

million and a half volumes. Many important catalogues of special classes of mss and im.- 

portanc angle volumes have been published m facsimile A new 
catalogue ot the printed books was made m igr7-’Q to make 
easily at 3 liable the library's rich treasures This catalogue made 
possible b> the aid of the Carnegie Endowment, was worked out 
I mamij avcording to the code of I tie .American Libraiy Associa- 
, tion by four Vatican librarians and four American hbruriaus 

tor; m all .irmr- centres ' Other Roman Libraries. — The mo't impoihint library m 

VitLorm 


the . 

5-cccc ire in cooks 
F '~t ',:r resders Out of t 

■j'.-s-M ,"r.o.a 3 scenes xentainmi ftiO . - . 

ahs’J vre r.*e."e added to pu'chc libraries already in eodsceice; the 
/em— ni.-r .creed to form new communal libraries 
The Ivi:5r,st Iroverar'cac super ises not onK the hbranes de- 
upo.a it bo 

t.L“j‘::,-n h'>r.-dei bj 2 
v'tr. a.'iu-o o~rt r: the true 

Arsr' centres ■ vujcz- siuoiau joioranes. — me mo't impoitanc u 

Tivv nub.-cc'io’i.^ the Buikrtna icBu pubblictiximi tialiane and ■ Italy lor modern rctjuirements is the NazwnaJe Centralc 

dele opere m^denie st^emere acquistate dalle bib- < Emanuele (18757 (495 000 vols 300000 pamphlets and 5,223 
l.t-xhe jpi^rrcitxe for many year's nsued from the naGonah' rose ) Ths contains the hbhoieca mm or a a^reta of the Juauit 
h^xi."es. of F.nrence and Rome respectively take the place of a college of Rome and the v.loister libraries of the Provinci i Roman 
. ... t . 'xtie former .s the current * and iias the right to copies of new Ifahan books 


. aicO commuia. provincial special and cox- 
ccans ci 12 Sop’^uitendenze bibliograpce 
'“f hbranes of each region and mspec- 


'■e caielogue of fccession^. 
nutij'ial cifchographj 


.eh, 

Koteworthy 


Tie A.’tono Eaanueie horary at Rome acts as an nformation i 
‘-■ur.’au ,0 i; is csf vciadj- nell equipped with works of reference ' 
Vaticaii.~The Biblio.ee 1 Vacicana (now m the newlj- created ■ 
'.a, .van ■^late '^1029’ , stands in the ven' hrsi rank among Euro- 
pea: l[hracii:s as regards antiquity and wealth of mss IVe can ; 
'race .t back to the earliest records of the Scrinmni Sedii Apos- ; 
u .^ce. kept Srst at cue Lateran, and later o,n parih in the Turris ' 
Chanukria, h^t one the doubtful sur-vival. is the Codes Amiati - 1 
!'.js no^ m the Lauientian library There remams an inventory j 
made under Boniface VIII The librar,- was moved to .Avignon, j 
ahere 1: was renencu and was mcreased, hut this collection has ' 
IV h .0 part, .and m Jeter t'lues, been »aken into the Library of the ■ 
Vi'aan The latter is a ne-w creation of the 15th century i 
Eugemu.- IV planted the firs*, seed, but Nicholas M was the reVi ' 


! paong the mss are the Farfensi and the Sessoriani oi Santa Croce 


in Jerusalem, some of these last being of the dth to the 8th cen- 
turies The library v'as reorganued m 1910 It is neb m the 
renaissance, in Roman topography, ana generally m books of ref- 
erence and in journals .A monthly Bollettmo is issued of modem 
foreign literature received by the libranes of Italy The library 
acts as the central bureau ot bibliographical information for Italy 
The Bihiioteca Casanatense, fou.aded by Cardinal C2san.i(e in 
1698 (ist,tj 8 pnnted vols, ?,o86 incunabula, -wuh many Roman 
and Venetian editions, and 6,124 otss , some of ihc 8th-ioth 
centunei) is rich m theology, mediaeval history, iaw and the 
social sciences An incomplete catalogue of the pnnted books by 
A Acdiffredi (1761-^8) snli remains a model 
The Bibhoteca Angelica, founded m 1614 by Angelo Rocca 

- , y,- ---7' — ■* 1 (120,000 printed vols and 3 000 mss ) was the first hbrarv in 

.eunoer or the i.bmrv. 10 ^hdh Sixtus IV consecrated an ornate [ Rome to be opened to th^ public The library of the Umyersiiv of 
dt.ofcin toe Comm tnePap^gallo fintus \ erected the pres- | Rome is the Alessandnna, founded by .Alexander VH in 1661, 

greatly aupiented the col- { -mih the greater part of the printed book= belonging to the dukes 
1,: ■ Ktevorihyjibranaiis were Marcello Cervim of Uxbino, and opened in 1676 In 1815 Pms VII iantedVo it 

- ^he an. Car^tusle Biohetexanji, Eier Pope Marcel II ). Sirieto ' the nght to receive a copy of every book printed in the «;tatcs 

former ennehed by the acquisition of the Church, which grant was continued by Itahaf lais but 

liiwted to the province of Rome The hbrary possesses 200,000 
printed books 

The hbrci^ of the Senate, established at Turin in 1848. contama 
150,289 t-ols nch in the history and statutes of Italian cities 
That of the Chamber of Deputies (1S4S'} contains 250,000 v-ols , 
and specializes in more modem history, la-w a,iid politics The 
Vallkelliana (1581) controlled by the R SocSeta Romana cb 

including one attributed to 

“Aeuakfouf valuable lor its medical toi- 

a;' Sweden nf caeient ms, some" from French ’ mosaEteri^ ! tCp^Lw P^s^sses a good art library, 
■'txn St Gad and elsewhere and others of imnortanrj. fr>>- Ft-pnrT. a ^ Militate Centrale (1893) has too.ooo pnnted vols. 
Imm the cnSectforM i BAIioteca delk R Accad di S Ceclia 

hf Almnder HII in 1689 Vrasr Clemenfxi were ^ tawical wHection of 150,000 vols and 6 000 mss. ; the 

$4 Greek mss which had belonged to R us II aSE ' XII . is rich in mcimahula and 

^^Ealisss. vn&r Benedict XIA( was bequeaEd ie Cats Accademia dei lincei 

Ttm sn Italias books, and by ^hase the ^ ^'rangarse and British and American 

whkh. In Greek. Latin and Hebrew" mss was at»-er ' menf-fAn 7 ^ latemational Institute of Agriculture may be 
Valic«. the richest in Rome Cfeem 


V* the hbrary cf FuImo Otsim Pope Paul V. (1605-21) sepa- 
rated the library from xhe archives and added the two ‘'Pauhne” 
hJli for lbs sen,' coixes. Uncer him and under Urban VIII. 
m.in) mss ivere purchased from the Convent of .Assisi, the Mi- 
Rome, the Cnpranica coliese. and aboxe all the Rossatvo 
"t BfSio (q.f ateie, under -‘arediaevai Period") Gregory XV 
tr6;3*‘ recufred fror. Ma.xiniilidn I . cuke nf TisTsrio rh^ 
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Subiaco. — At Subiaco, about 40 m from Home, the BenediC' I Zecca (tbe Mint) 
tme monastery of Santa Scoiasttca has only 6,000 printed vols 1 UniTerslty Libraries. — ^.^mong the nniversity libraries under 

and 400 mss , but it is remarkable as having been, in 1465, the first 1 Govemment control some descn’e special nonce First in his 
seat of typography in Italy, and students may inspect the senes I torical importance comes that of Bologna founded by U Aldro- 
of Sw'eynheiHi and PannarU's ongiaal editions preserved in their 1 vandi (1605J, Count Luigi P Marsdi in 1712 increased the 
first home l library and escaDlished an Istituto delle Scienae. reconstiiuted as 

Florence. — The Bibiioteca Nszionale Centrale of Florence, a public library by Benedict XIV in 1756 The printed books 
formed from the union of Maghabechi s library mth the Palatina, number 214,991 vois, and the rnss 5,400, the oriental being 
Ls the largest after the Vittorio Emanaele at Rome, The Mag- 1 noteworthy The grand hall, with its fine furniture m. walnut 
liabechiana became jmblic in 1714, and in. i86r Palatina (formed ' wood, merits purhcnJar aiientiwi The Bibhoteca della Universita 
by Ferdinand III,, grand duke of Tuscany), was joined wiTh it i at Naples, estabhshed by Joachim Murat in rSis in the buildings 
It had long had a nght to a copy of every work printed in Tu*;- | of Monte Ohveto, and thence sometimes called the ‘‘Biblioteca 
cany, a right mamtamed more ngorously since xS6o. Since 1S70 ; Gioacdiiiso,” was transferred to the Royal mivessity and opened 
the Naaionale receives, by law, a copy of every book published in in 1827 It is strongest in medicine and science. Its chief mss 
the kingdom Its monthly Bollettino is the current bibliography and early printed boioks were transferred about the cuddle of the 
of the national literature The mss. include the most important t9th century to theNazionale. Other important university libraries 
extant codifi of Dante and later Italian poets and historians. The are those of Catania (1755), Genoa (1773): Pavia f 1763); Padua 
Galileo collection numbers 308 mss Of the 25 mss portolani, the , (1629) (314,000 voU ), which m 1910 was housed m a new bnild- 
oldeat IS dated 1417, and several seem to be the onginal charts ing, Cagiian and Sassari. Messina was destroyed in the earth- 
executed for Sir Robert Dudley (duke of Northumberland) in quake of 3908, but the more important part of the furniture was 
the prepaiation of his rirrano cfei dfare. Amongst the aarlj printed saved and fa> 1910 the library was already restored to active 
books IS a great number of rdlh oentury Ruppyesmi/iriom, books work 

primed on vellum, municipal histones and statutes, (fr fegain I Chief among the remauimg Governmem. libraries rome.s the 
and maps The library contains 750,000 printed vofe., 22 307 mss ! world-famed EioHoteLa Medicoo Laurenzuna at Florence, formed 
and 3,601 incunabula besides prints and maps. A new budding from the coliecnons of Cosiuio the Eldei, Pietro de Media, and 
was completed on the Corse dei Tintori in 1929 [ Lorenzo the Magnificeni It was made public by Clement VIJ , 

Milan. — The Bibhoteca Nazionale of Milan, better known as ( who charged Michelangelo to construct a suitable edifice for its 
the Braidense lounded m 1770 hy Maria Theresa, has 500,000 1 reception Opened by Cosmao I m 1571, it has steadily grown, 
printed vols , a.ooo mss , 2,500 incunabula and 913 Aldines The accessions m the iSih century alone were enough to double 
.Amongst the mss are letters of Galileo, poems lu Tasso’s auto- ' )t Its printed books number probably only 11,000, and though 
graph, and a fine senes of Italian illuminated service-books, rath j almost allot the highest ranty and interest, the 10 017 mss give 
to tbth centuries. 1 its chief importance to this library More than 700 are earlier 

Naples. — The Bibhoteca Nazionale at Naples (founded m 1734 j century. Some of them are the most valuable 

and opened in 1S04) is the largest library of that city, and has | codices in the world — famous Virgil of the 4th or gth century, 
recently been splendidly re-housed. To the collection of Cardinal j Justinian's Pa^deds of the 5 th. a Homer of the loth, and several 
Senpando were added especially in 1S48 and i 36 o, many private other very earl}’ Greek and Latin classical and Diblical texts, as 
and conventual libraries Tht biblical section is rich. Other feat- well as copies in the handwriting of Petrarch, about 100 codices 
ure» are the collections of testi dt hngm, and of hooks on vol- of Dante, a Dscaineron copied by a contemporary from Boc- 
canoes, the best m existence of the publications of Italian learned i caccio's own ms and Benvenuto Cellini's ms of his autobiography, 
societies and a nearly complete set of the Bodoni press. The mss Administered with the Laurentian is the Riccardiana, nch in mss 
include many lilununated books, the autographs of Leopardi, and of Italian, and especially the Florentine literature The Biblioteca 
poitolam. The library contains about 1,000,000 pnnled vols, Maruedhana (founded 1703. opened 1753) is remarkable for As 
tr,S6S mss and 4,625 incunabula Annexed to it is the Ofificina early woodcuts and engravings; the pnnted volumes number 
dei Papin Ercolanesi 310000 and the mss, 2 coo 

The Bibhoteca Nazionale of Palermo, founded from the Jeamts' Modena. — ^At Modena is the Bibliotsi.a Estense, founded by 

libraries is rich in i5tb century books (catalogue printed in 1875). theEste family at Ferrara in 1393; it was transferred to Modena 
m .A-ldioes and Siciban ifitb century books, many being unique by Cesare D’Este in 159S. Muraton, Zaccaria and Tiraboschi 
The hbriry contains 283,237 printed volumes were librarians here The printed voL- number i5t.o57, the in- 

Turin. — The Bibliotera Nazionale Umversitana of Turin took cunabula 1,600 the mss 8,567 besides the 4.9 38 mss and the 
As origin HI the private library of the House of Savoy, given in 100,00a autographs of the Campon collection, 

1730 to the university by Vittorio Amedeo II The fire of 1904 The oldest library at Naples is the Brancaijciana, founded in 
destroyed about 24,000 out of 300,000 vols , and of the 4.138 mss ■ 1647 by Cardinal F M Brancaccio, and opened by Ihis heirs in 
there survive but r 500, and those in a damaged condition Among j 1675 The Regia Biblioteca di Parma was founded definitely in 
those thot perished were the palimpsests of Cicero, Cassidorus, i 1779 by the grand-duke Philip, who employed Paciaudi w organize 
the Codex Theodosianus and the famous Litre PHeitres The i it Tl contains 323,208 vols and 5 290 mss,, including De Rossi’s 
1,095 incunabula escaped Since the fire the library has been ' hibncal and rabbinical mss Also worthy of note are the Bibl 
enriched by new gifts, notably Baron A. Lumbroso’s of 30,000 1 Pubbiica or governativa ot Lucca, and that of Cremona 
vois , pnncipallj’ on the French Revolution and Empire The I The Ambtosiana, — -Among- the great libraries not under Gov- 
library was. in rqro, transferred to the premi'^es of tbs PaUszo i emment control, the most important is the Ambiosiana at Milan, 
of the Debito Publico ! founded in 1609 by Cardinal Fed Borrotneo It contains 400,000 

Vettice. — ^The Biblioteca Marciana or library of St. klark, at 1 pnnted vob ,3 000 incunabula and ro.oootnss Amongst the mss 
Venice, was traditionally founded in 1362 by Petrarchk gift of i are a Greek Pentateuch of the Jth century, the famous Peshiio 
mss (all now lost) snd opened bv Cardinal Bessarione m 146S \ and Syro-Eexaplar, a Josephus on papyrus, supposed to be of the 
It has 330.000 printed books, r 2,106 mss of great value (more Sth 'Centuiy, several palimpsest texts, and a 7th ■century copy of 
than I 000 Greek codices given bj’ Bessarione), coHections on St Jerome’s oommentary on the Psalms, full of ronteraporary 
Venetian history, music md theatre, and on early geographical glosses in Irish Gothic fragments .of Ulfias, and a Virgil wnh 
research, a codex of the laws of the Lombards, and the autograph notes in Petrarch's handwriting Cardinal Mai and Pope Pius XI, 
ms of Sarpi's fLktory of the Council of Trent. Since the fall of were f'Ormer custodians here At Genoa the Biblioteca Franzoniana 
the republic and the suppression of the monasteries, many private (40,000 vols ), ^founded about 3-770 for the iastruedon of the 
and conventual libraries have been incorporated first in the poorer classes, is n'Oteworthy as being the first European library 
Libreria del Sansovino, from which the libraiy" was transferred ; lighted up at night for the use of readers 
in iSt2 to the Palazzo Ducale and m 1904 to the Palazzo deha ! Monte Cassino.— -The monastery of Monte Casesmo (59)^* 
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b?AT\ A’VD PORTUGAL 


ejco -e 0 ai \e ern re goa Much interest m Iibrar s has no been shown in La L^n A^nenca 
c i: t; 0 doc c ncn c jid hat , Mo-t c± the horanes wincii esist are national or legislative 
me same namber. Bet . lioraries 

; c: Itlanra Cajiir.j cons^sa o: the ard-iixio^ yriuch Cuba. — -The chief ase in Havana, and the best is the Biblioteca 

,.r: a-.i ;des mere than ?c vco buds, dinlomas, ' Kadcnal (i9oi)j 256,000 vols , the Bibhoteca Publica The 

ri ,.vn;r :^:xr.s-:~ brsmes i 002 mss. daring from the ; Biblioteca Pnbiica is one of the most actively-nianaged Ithratjes 
There me zi-oz wniiea cata ogues. and m Loiin .Amenca. 

ire p..b;:5aed in the Bthhatheca Cmmn~ j Mexico. — Of the 29 Slates the territories of the Mexican re- 

public, many pojsess rare and valuable books from the Jibrants 
of tne suppressed religious bodies, but few have much modern 
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Oe.ure'r a natinrcil moniixent in 1S66 
C Sts sense has a icth century codex 
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:t.!i the BibLoteca ded' Archtvio Capiio- ■ hteraiure Many scientific and literary associations in the republic 
Ts= dJ of great anLqiiity end t'a^ue ! possess books The Society oi Geogiaphj and Statistici in Mexico 

iJl’rr^'priSAri i-A . r Ifi»- ( rS-i-s rA/rrcnm'irAA r.Qr'T 1 nrti'’vcf TmT-Lf\»-f OTn i- nf 


..ca gs*:'i:'n ir Lv. nm, anum S Eussbii, supposed to be of the j City (.inundsd 1835, reorganised 1851;, the most imDortant of 
I n c-i't„r}, , aK 3 v"i i,.? ceiev of Angio-Sxron honahes. them, owns a fine rousem® and library The ecdesiasdcal libraries 

La Cava. — The Mocas'ero della S TrirntX at La Cava dei j of Mexico Citywere amalgamated as the Biblioteca Nacionai, this 
T.r-ii', r :rc pro.rn.e oi Saleino (negmnmg of tbs utb cen - 1 now possesses over 200,000 volumes Two copies of every book 
trs tniy t3~e 10 2:0 vois but ±ese indvde mss. from | printed la Alexico must be deposited in it Most of the libraries 

’ -of Mexico, city or provincial arc subscription, and belong to 
socieaes and schools of various kinds The Araerictm Library 
Association is spreading Aiiglo-Amencan library technique in 
Mexico, and also in the Philippines 
Argentina. — There are more than 200 public libraries in Ar- 
gentina They are due to benefactions, but the Government adds 
an equal sum to endowments A .central commission exists tio 
facitiiate the acquisition of books and to secuis good administra- 

'T't . ‘ ,1 S ^ 




I udi real cry. aruvigst tnem a. Codex Legum Longo- 
daiec rceg, bes.oes a wei.-karvui geographical chart 
j! .re i;:b cen' ary, over roc GreeK res; , and about j oco charters 
:czzniz: '.mh the > 842 mere than roo of nhich beieng to the 

Lu.r,rrr„ Xerran p-r.Xi The imra.'y ts now nanonal propi- 
erj me .-bbot to'c .:g :be o'Zee oi keeper of the arctwves 
Xot s iszr ci tps Lcmnrna] and mun.clpil libraries are of great 
cren: end r ~ 
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erssr Bomsns izSoz/i Brescia, Civica Quinniana , ... ^uiuiuisha- 

Cl. 1 753' Maceraia, the Moxzi-Borgetu (.1753-- j non The most considerable is the Biblioteca Nacionsl at Buenos 
■'3;. jcc-tC'S r-'ff • Mantua. Novara, Negrori e Civica (1S47 t Aires (1810), which is passably nch in mss concerawg the early 
'• Preua ?..iermo (1760), Perng’a f 1852), founded by 1 history of the Spanish colonies and has 350,000 printed volumes 
P voci.an., (’ 15 - j’ folded by S Bandin’, fine arc coUec- 1 The Bibhoteca Popular del Municipio (1879) has about 80.000 

volumes There are also libraries attached to 'colleges, churches 
and dubs 

Brazil, Chile and Peru.—The chief library in Brazil is the 
Biblioteca Nacional az Rio de Janeiro (1810), now compnsuig 
over 4SS.Q00 printed vols , with many mss . largely on bouth 


Venice. MuseoOvkc Corter fiSjoJ, Verona (1792 public 
ilrce^iicr^ Beno.bna (lioSl Italian librarians are orp,aized 
ana -ihsre :s a achooi for professional irahnng in the Archigm- 
aasio a: Bciogna 

^ Spain and Portugal — Muse of the royal. State and nnivers.ty 
..cranes <; Spain and Portugal have Government control and 
support 

The chief ubrarj’ in Spain is the Bibhoteca Nacional (formerly 
Reiv^c,!; Madrid (171S), ’vidi i 210,520 printed books, including 
2 a:.! incbcatak,. 30 172 mss ard izo ooo prints. Theology, canon 
.2^ -■'.ilcrv etc are ver.' compete The colkctkm of prints was 
rvccip-Ply o.ught from Den Vrientic Cardsrera in 1865 Other 
olacna hrmnes are Bibhoteca de b Real Academia de k Historia, 

^ ^3r 1 50,22c roli . anc S 400 mss.) whicb contains Spa-msh books 
0* rey yJnt mvLiC’ng the Salaaar collection In tgoS, the 
>ear me i^iconsl ccrained appravunaiely 300CO printed vols 
ar.d 3.420 mss . Jo«;ph reaw^’ed the collection to Madrid, but 
It wii retunen oy Ferdinand 10000 vols, were missing 
.20,000 pnoted volumes. The Biblioteca Pro- 
•ry. a. y Lanf'-skana of Borceioiu diii) contains about 100- 
-y \ o.s and that of Seville 11767' has 1 10 000 volumes. Among 
ycer prm.mcai aad> university libraries is that of Salamanca 

1 X r 5 i t 

-)yy^f thfi Lcrorles^of Portugal the Biblioteca Nadonai at 
L'Ston 1171,6) ncturaliy takes the first place In 1S41 it -was 
Urge.:. in.2rsi.,ed rtom the monsstic collectians, and no-sv has 
200 cco ^ojs QT primed books, largely on theology canon law 
n-i :rri Portugness ana Spamsh literature. 16000 mss, and 
402CO com. and mecals Tns Academia das Saencias (1779) m 

M’o atquiied 'T-o followed by 

The EiWiireca Pablics Mimkipa; at Qporm, founded during 
is niK- of kryest m Portugal (about 300,000 vote ) The regent 

Th-e impcrtam Camoens coilecrion h £ 
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America Other libraries of the capital are those of the Faculty 
of Mediane. Manne library. National museum. Portuguese Lit- 
erary club, Biblioteca Fluminense, Benedictine monastery, and the 
Biblioteca Municipal (60 000 vols ) There are provincial and 
town libraries throughout Brazil 
The Bibhoteca Nacional at Santiago (1813) is the chef library 
in Chile. It possesses about 232,000 volumes There is also a uni- 
versity bbrarv' ac Santiago (40,000 imls ) and the Biblioteca 
Publica at A’alparaiso (50 000 vols ). 

The Biblioteca Nacional at Lima was founded by a decree of 
the liberator. San Martin, in 1820, from those of the university ot 
San Marcos and of several monasteries, and books presenied by 
the liberator, it is rich in the history of Peru 
Nctherl^fls Since 1900 there has been considerable prog- 
ress made in both Belgium and Holland in the development of 
public hbraries, and many towns in the latter country have 
estabushed popular libranes after the fashion of the mumcmal 
hbranes of the Umied Kingdom and America ^ 

Belgii^.— The national library of Belgium is the Bibliotheque 
Rojale at Brussels, based on the Bibliotheque des dues de Bour- 
gogne the library of the Austrian sovereigns of the Low Coun- 
wes in 1/72 In 1794 a number of volumes were transferred to 

""795 the remainder 
of La Serm San- 
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(c,.yo„ , 836 ,. IS 

pmchased m 1837 and, having been added to the Bibliotheque de 

fomea the BiDliotheque Royak de Belgique The printed volSes 
now number over Soo.ooo, with 31,200 mss , 54,600 mSs V c™ 
,00 pnnts and So, ooo coins and medals There are printed ’cata- 
lyes 0 sr^mal collections of mss, of accessions, eto There 1 
no free legal deposit of books m Belgnmi the Govemment nur 
chases new hooks f om the publishm and deposits them n®the 
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R<jyal library. The htianaal crisis after 1918 led 10 proposals by placed here in. 1377^ Legatnm Warnenanum of oriental mss , and 
a eavemmental committee of economics, to ivjde the foreign the collection of maps bequeathed In rS/O by J J Bodel Jsyen 
accessions of the library among those of various ministries, but j hnjs are noteworthy. Published catalogues are. books and in 5$ 
m 1928 the scheme had been severely animadverted on and 1 1716, sappiemeats ot books added m 1814-47, and of mss , 1850 
seemed unhkely to be pressed. There are hbranes attached to | and orieatal mss , 1S51-77. The Bibliotheek der Rijks Uruversi- 
mos>t of the departments of the Governmetic. Other important I teit (1575! Jt Leyden contains about Soo.coo vals and t.h™ 
libraries are the Bibliotheque Collective des Societes Savantes j oriental mss many of value 

(1906), Ufith a union catalogue on cards, and the Bibliotheque du j The Universify iinrary at Utrecht (290 500 vols-j is based on. 
Conservatoire Royal de Musique (1832) with 31,000 volumes, | convencodl colleccions brought together in rsSx. The public 
The popular or communal hbranes of Brussels (1S42) and of ! library thus formed was soon enriched by books bequeathed by 
the suburbs are distributed through the schools At Antwerp the j Hub Buchehus and Ev Pollio, and was transferred tO the uni 
town library (1305) has now 500,000 volumes The valuable col- | versity on its foundation in 1636, j\mong the mss is the famous 
leciim of books in the Musee Plantin-Moretus (1640) should also i ‘Utrecht Psalter, ' which contains the oldest text of the Athan- 
be mentioned It contains 427 mss. and 20,000 printed books, ! asian creed Printed catalogues are of pnnted books of 1834 
comprising the works issued by the Plantin. family and many {supplement 1S45, index from 1845^55, atid additions iSsd-'i^yoJ, 
15th century books, besides the archives of the firm and of mss. 18S7. Titles of accessions are printed 

The university library of Ghent {declared public in r7Q7, 1 he University library at Amsterdam is based on a 15th century 

opened in 1798), was known successively as the Bibliotheque de coliection Since 1S77 the coderaon has been known as the Uni- 
i Ecole Centrale and BibLotheque PubLque de la Vide On. the versity library, and in 18S1 it was removed to a buHding modelled 
fouadarion of the university in 1S17 the town placed the coUec- on the British Museum library. It includes the best mediaeval 
tion at its disposal, but it has since remained under State control cohection m Holland, and the Bibholheca Ro'-'nlhahana of 
The printed volumes now amount to 450,000 2nd the mss to Hebraica (30.000 vols, catalogue 1S75) The libraries of the 
2,650 The Bibliotheque de rUniversita Cathoiiqne of Louvain . Dutch Geographical and other societies are preserved here The 
(1P36) is based upon the colleL-tions of Beyerhnck, pequeathed j library contains about Soq,ooo volumes There are popular sub 
in 1627, and of Jacques Romam, professor of medicine. There ' scnption libraries with reading-rooms in all parts of Holland, and 
were over 311 000 vols m 1914, when the library was totally de- ) in Rotterdam there is a society for the encouragement of stiial 
stroyed by hre at the German occupation On the foundation of | culture which has a large library. At The Hague, Leyden, Haarlem, 
the University of Liege (1817) the old Bibliotheque de la Vilie ■ Dordrecht and other towns popular libraries have been estab- 
w'ds added to its library (now 454,000 printed vols , 184.500 lished, but ecclesiastical divisions hamper free development, 
pamphlets, and 2 140 mss.'i The Lidge coUc'-tian, bequeathed by Dutch librarians are organised in a professional body. 

M Ulysse Capitaine and the Biblioth^ues PopuUires of Li 4 ge The library of the Genootschap van Ivunsten en Wcteuschappea 
(1363), are circulated among the school ckiidren The Bibho- at Batavia contains books printed in Netherlandish India, or 
theque publique of Bruges (itpS) cont.'uns rqs.ooo pnnted books relating io the Indian archipelago 

and mss housed in the old Tonheu (iut?) Every town has a j Derunark. — Owing largely to so many Scandinavian librarians 
communal library, mostly smab and open only part of the day; i having been trained and employed m American libraries, a greater 
the chief are tnose of Alost Arlon (18427, Ath (184:). Courtrai, approach has been made to Anglo-Amencan hbrarj- ideals in Nor- 
Malines (18641, Mom (.1797). Namur (iSooh, Ostend (iS6i') . way, Sweden and Denmark than anywhere else on the continent ot 
and Tournai (1794, housed in the Hotel des Anciens PrStres, Europe. 

i 75 SU‘ those of Ypres and other towns m the war area were de- ' A survey of 384 Danish horaries in 1915 {Oaush Siblictehs- 
stroyed m 1914-^8 A complete list will be found m the Annuaire \ foetcr) was published by Svend Dahl, and a statistical list ct 
de la Selgigue sctennjique, artistigue ef litteraire (xooS). populai hpranes appears yearly in Bogans Verden. 

By a law of Oct 17, lyci, communes may singly or m conjmc- j The beginning of the national hbrary the great Royal library 
tion establish piibln- libraries, and if complying with certain con- ( (Kougeiige Bibhothek) at Copenhagen may be credited to Chris- 
ditions receive State subsidies j tian III (1553-59); but to Fredeiick III (1648-70) is naainly 

The ‘'Union des viHes et communes beiges” at Brussels is plan- 
ning a national scheme of federation and mutual lending between 
public libraries; and similar associations at Louvain, Antwerp, 

Bruges, Ermeton, near Namur (for the Walloon districts) are sim- 
ilarly engaged Rural circulating libraries are brought by the 
law of iqsi under the same control as those of the communes form an imponant senes. In foreign literature it specializes in 
(See J van Meel, Btbhotkkgws pnhhqites, rga ) the humanities There are pnnted catalogues of the de Thott 

Holland. — Information on Dutch libraries can be obtained collection (17S9-95), French mss, Oriental mss (1846), the 
from. J D C. von Dukkura and G A. Evers, N'ederkiid'icke Bib- Danish collection etc- There are now 850,000 pnnted 

Uoteekgids, 2nd ed 1934 : books and 30 oco mss The Royal library has nearly complied 

The national library of Holland is the Ronmklijke Bifaliotheek publication of Bibliotheca Dameu, a bibliography of Danish 
at The Hague (1798) The b'brary of the princes of Orange was : books, 1482-1830 

then united with those of the defunct Government bodies to form The University library* (14827, destroyed by fire in 1728, but 
the national Bibhotheek In iSos the present name was adopted, soon re-established, receives, since 1394, a copy of every Danish 
and since 1815 it has become the national library In 1S4S the publication, and has 430,00a vols. and 7,000 mss, mrluding the 
Baron W V H van Weslreenen van Tiellandt bequeathed his Arne-Magnean collection specializing in the natural sciences. The 
library and antiquities to be preserved in his former residence as ! Siatsbibhoteket of Aarhus (1894) possesses about 270,000 vols 
a branch of the royal library There are now about one million, and the Landsbokasafn Islands (National library) of Reykjavik, 
printed books and over 6,000 mss Books are lent all over the Iceland, about ti5,ooo printed books and 7,830 Icelandic mss A 
country The library is the richest m the world ia books on State library commission supervises the State-supported libraries 
che.ss, Dutch incunabula, Elzevirs and ut Spinozana. la rSoo-rr a An assodation for promoting public libraries was formed in 1905. 
printed catalogue was issued, and since 1S66 a yearly list of and in 1909 the minister of public instrucuon appointed a special 
additions adviser 

The next largest library is that of the Academia Lugdano- Modern developments show, perhaps more clearly than else- 
Batavia, which dates from the foundation of the University of where in Europe, a tendency* to co-ordinate alt Tie libraries, 
Leyden m 1575 Valuable additions include those from the li- Norway.— The Norsk Bibhotekforenmg in 1924 published a 

branes of Golius, Joseph Sialiger, Daac Voss, Ruhnken and Hem- statisticdi account of 266 libraries (Sandbok oner norske Bibho- 
sterhuis The Iibrarv of the Society of Netherland Literature, ■ teketi 


due the collection of Icelandic liteiature and the acquisition oi 
Tycho Brahe’s mss , and also the present buildmg (in the Chns- 
tiansborg castle), begun in 1667 In 1793 the library was opened 
as the national hbrary. Two copies of every hook published in 
Denmark must be deposited here. The incunabula and block books 
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dn'edisr, lihranes v^ere sun, eyed m 
trhska Biblktek 

._ .- - Jiockholffl, eitabhsked in x sSy, rvas 
cf Uppsala Dv Gustav us II Charles X ‘s 
:a 1637 and ihe present hbrarj' was organized 
‘ To; Bersfelstjerna-Eugestrom library (rich ia 

■3 b'is^or.) -s ncn- annexed cc it Xitural history', mediane 
a.beirarui are leh to otcer hbranes .*teiong the mss the 
. r';'^ L’.'*' AT « the 6:h or 7th century', with ?n Anglo-Saxon 
uscrm'.vn, ,• urteworthy. Tae iraraty contamed. in 1904, 460000 
'r,r.:e-; c.,--Ci,s nnd ever 1: ecz mss. The Karounska Instiiutet, in 
-Lo^kas,' ct coatajES a Lbrsry of a,ecical books numbering over 
:z aze 

Tec Uu:vcrsit£ nhror.- at Uppsala was founded as mpnuored 
hew ay G'lstuvais Adoiohus in rSao. from the remains of con- 
sn: i. bra r,es ar.c endowed Themes chieSy relate W the history 
i the country- but incljde the Codex Ar genie ux of the Gothic 
■Ow-peis o£ UidSas, published m facsimile by the library m 102S 
’rx'ed catalogues are general foreign accession lists 

unriuaAv ficm iSyo and Arabic Turkish and Persian mss 
The library non contains about 600,000 printed books 
Tne Umveriity library at Lund (166S) was based upon 
:c aid ca'hedral library The tuss inciude the de la Gardie 
'r,.hiv-ec, acCjUiwd in i 3 j 3 There are about 145,335 vols in 
'he Hora.-j' The Stadvbibliotsk of Gothenburg (iSpc) contains 
.00 at C40 oco VO'S , and has a printed catalogue 

Fi’ikrd has the Unnsrsity library of Helsingfors (1640-1807). 
jooi.' jcoooo vols and the parliamentary' library (18727, 
£j sec valumes 

Russia,-— The Gosudarsrveanayn Publichnaya Bibiioteka at 
Leningrad foimeriy the Inptriai public library at St. Petersburg, 
tee rtaie horary uf the Union of Soviet Socialist Republics, is 
7>errafs me largest library in the world In 1910 it had about 
j 103,000 primed vo;s and 34.000 mss , as well as large collections 
of n'.3_^ ci^rugrapfes, photographs, etc. It is now said to contain 
4 366 645 printed books and 240.000 mss , and autographs It 
-■'"-e’pa'ed^ia the books seiaec by Peter the Great iti Courland in 
’ 7:4' the horary hew ever only attained to tie first rank in 1795. 
o> the arq-usidon of the faipoia. Zalu&ki cotlection The Zaluski 
ulyary iw.s formed by ihe Polish count, Joseph Zainski, who tol- 
'-crifd ccc CM vols added to by Ids brother Andrew, bishop of 
vcac^^'A, At his death it was left to the Jesuit college at Warsaw; 
on Lit snppressioe of the order it veas taken by the Commission 
01 Education, and in 1795 it was transterred by Suvarov to St 
Leterrhiirg as a, trophy^of vvnr It then had 260,000 printed vols 
jo A rc cscjg toss , tin in consequence of the dispersal of many 
among other^nsiituyons. haraiy 238000 yols remained in 
J5rio, V^ter the 'ftorld War the Zatuski collection was returned 
-a iannd. By a taw ^passed in laio tvsio copies of every Russian 
vabiicanw. iru«t be deposited in the Ubravy. Very tnany valuable 
-nepl tw-ecrioss have Wen added, such as the Tolsroy Slavonic 
vcnec'm tiSjo). TiBcWndorf's mss fiSrSL ihe Uolgoroaskv 
iTv.aUi. ujes. ) and tW Firkowstsch Hebrew (Karaite) col- 
lertict (1862-53), end the national mss. of Karamxsn (1867) 
Wparrments are thus exceedingly rrch, while others are 
cureparatvdy jnsaere. 

Tifc gten- 03- Hss ts the Cndex Sfretew of the Greek 
Bri^. bm«ghl from toe convent of St Catherine on Afount Sinai 
V l<arhwde>rf^tn 1859 O'-ber iaipcurtant bibhcai and mtnstic 
‘.'te aru £0 te found aiamf the Greek and Latm the 
ms. mtbiSe swe a' the oldest extant, and the Samaritan 
--..tel* « iHie of 'W largest , the oriental mss . and the fS 
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mss (no aoJy the h stor cal are of grea value The Biblioteka 
Isem-noj L.teratury (1919) has about 90,000 and the University 
iibrarv (1925) ; 1 1 000 volumes. 

The library at the Hermitage was founded by the empress 
Catherine II 's purchase of Voltaue's and Diderot A books and 
mss In i86r it possessed iso 000 vols, of which nearly ail but 
those on the history ot art were then transferred to the Imperial 
hbrar}' There are many large and valuable libraries attached to 
the Government departmenrs in. Leningrad, and most of the 
i arademies and colleges and learned societies are provided with 
libraries The national library publistied in 192S material for a 
directory of the learned libranes of the city- 

The second largest libraiy in Russia is the Lenin Memorial 
Library in Moscow' (formerly Rumyantzov Museum collection 
renamed after Lemv’s death in 1924) It has over three million 
volumes. IS net in early printed books. Russian history, and tnss 
The latter number £ ooo, including many ancient Slavonic codices, 
historical documents and the archives of the masonic lodges in 
Russia between 1816 and j:S 2I, catalogues of the mss and of 
some special collections are printed The Univeisity at Moscow 
(t7£5J has a hbraiy ol over 310,000 vols . and the Duchovnaja 
academy has 120000 volumes The (tormcrly Impmal) Russian 
Historical museum (1875-83) m Moscow contains nearly 200,000 
Volumes Among Russian university libraries mention may be 
made of Kazan (1&04), Kharkov (1805), Kiev (1832) and Odessa 
(1S65) There ate also communal 01 public libraries at Kharkov 
(i 336 ), Odessa (1830) m the Ukraine and many other towns 
The Soviet Government has established many pupulai libranns 
TheLenm Institute of Library Science at Moscovr trams librarians 
and has published text-books 

Poland.— The Jagiellonska library at Cracow (1400) 524,000 
vols and 6,711 mss, at present serves as national libi'ury for 
Poland A.S the headquarters of the Government is at Warsaw 
however, it is now debated whether all publications ctniccrninK 
Poland should be housed in the National Library there (1917) 
91 532 vols , or whether they should be divided betw'een the two 
cities It is suggested that the Jagiellonska library be itwde mfo 
d lustorical collection containing books to the ye;ir igiS. the date 
of the reconstitution of the Polish State, and that the Warsaw 
bbrdjps be confined lo accessions since that date, and organized on 
the lines of the Deutsche Bucherei at Leipzig A bibliographical 
institute will be attached tc the Warsaw collection and will dis- 
semmate information through a special bureau, the fund ions of 
which are at present fulfilled by the Jagiellonska and by the 
Warsaw secrion of the libraries of the Ministry of Public In- 
struction The National Library at Warsaw has also been en- 
riched by the famous Zaluski coUeclion. described in the para- 
graph on Russian libraries The Warsaw university hbr-ars' (iSi 7/ 
has 730,000 volumes Besides the Cracow and 'Warsaw libraries, 
that of Posen (formerly Kaiser Wilhelm Bibliothek) may be men- 
tioned, Lemberg (Lwowj has three noteworthy colleaiDDS housed 
ia the University library, the Ossohnsky library and Mureurti and 
the Bavorovsky hbrary Chwalewik’s Zes CoUecUons potoimsei 
(2 vols ) gives a complete list of Polish libraries, and 427 libraries 
are hsted m ihe Mianowski Foundations Year Book (X927), pp 
-21 There is no general catalogue, but its place is taken at 
present by Charles Estreichers BMiografia Polska (1S70- ) 

The Lett city of Vilna also has a public hbraiy (1856) 

Elsewhere in Eastern Europe.-~Latvia has the city and 
TOiversi.y libraries of Riga (with 375 000 and 60,000 vols ) 
Estonia has the university hUrary of Tatfu (Dorpat rSo6) with 
270,000 vols , and the city library of Tallinn. 

The university libraries of Belgrade and Sofia (i 383 ), 192,029 
vofe and the national hbrary at Sofia (1924). over 200,000 
prmten books and 5,300 mss , are the chief in the Balkans There 
IS a Bulgarian State Library Commission, which organizes local 
hbxanes and trams hbrarians. 

At Achens the national hbrary (1842) possesses about 400,000 
vols , 3.800 mss , aiad 200,000 histoncal documtnts 

Constantinople has a National hbrary (1925) and a public 
hbrary, the Onmoumiye. of about 300 cxm volumes There are 
over tio 000 vols n the Udvcrsitv library (190) and there are 
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alsjo libraries at the Greek hterary society and the Theological i important journal There are two associauons in Germany, the 

Verein deutscher Bibliothekare, and the Verein deutscher Volks- 
bibliothekare, which issues a year-book giving information con 
ceming the libraries oi the country, a similar organization m 
Austria-Hungary is now merged into the former An Association 
of Archivists and Librarians was formed at Brussels in 1907, and 
there are similar societies in France, Italy, Spain Holland, Den- 

, mark, Norway, Sweden, and, since 1927, in China aLo In every 

imperial Chou dynasty whose capital was at Loyang in the modern ; country there is now some kind of library assouation 
province of Honan According to a tradition preserved in Ssu-ma j The movement since the World War, partly because of the 
Chien’s “Historical Record" the philosopher Lao-tse, who lived j financial crisis in Europe, and partly because of the increased 
in the seventh century before Christ, was keeper of books m this , consciousness of each other among the nations, has been one of 
library National collections of books in the modern sense, how- i co-operation and closer organization, so that the worlds library 
ever, onginated with the attempts made to recoi er the books ' resources are far better utilized 

scattered or destroyed by the so-called ‘ First Emperor” in 220 _ Two agencies further international co-operation between libra- 
BC Hence the earhest catalogue of Chinese books is preserved ries. (i) The Institut International de Bibliographic, founded in 
in the “History of the Former Han Dynasty’ (.206 B,c-23 a D ) j 1897 at Brussels by Paul Orlet and Henn Lafontaine, but 
and written in the first century of our era The histones of nearly I shortly to be moved to Geneva, aims at amalgamatmg the cata- 
all succeeding dynasties have likewise left catalogues of books ' logues of the world’s chief hbraries into an universal card bibhog- 
preserved in their libraries or known to their times After the [ raphy It has also produced a more thorough (.decimalj dassi- 
invention of pnntmgin China private hbranesr became increasmgly ' fication for books and papers (2) The Institut International de 
numerous From time to time these were destroyed or dispersed, 1 Co-operation Intellectuelle at Paris, an institution of the League 
but catalogues of many of them remain There are still some | of Nations, by its committee of hbrarv experts (mostly the headi 
fourteen large private libraries m various parts of China some , ot the great national libraries'), has brought into mutual relations 


school The mosque of St Sophia contains a library of some 
thousands of mss , of which a pnnted catalogue is obtainable, con- 
sisting mostly of Horans and service books The old Seraglio 
contains many important books 
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of which contain as many as two hundred thousand volumes 

According to a survey made by the Library Association of 
China in 1927 there were then. 503 public and private hbranes 
in China proper and Manchuria Of this total the province of 
Kiangsu has 145 , the city of Shanghai 60, Peking 42, and Nanking 
20 The largest single collection of books is found in the Metro- 
pohtan Library, Peking Each provincial capital also has its own 
library The following universities boast large and rapidly grow- 
ing collections of both Chinese and western books Peking Na- 
tional University, Sun Yat Sen University (Canton) Tsinghua 
University (Peking) Yenching University (Peking), Amoy Uni- 
versity. and Nanking Umversity The most common classification 
of books in Chinese libraries — the so-called Ssu K'u system which 
has been in vogue for fifteen centuries — divides all Chinese litera- 
ture into four classes, classics, history, philosophy, and belles 
lettres A few of the modem Chinese hbranes have discarded this 
system, entirely, but most of them combine with it a modified 
Dewey or Library of Congress classification. (See the files of the 
Library Science Quarterly, T’-ii Shu Kuan. Bstiek Chi K'an, the 
official organ of the Library Association of China which was 
founded m 1925 ) 

Japan — The ancient history of hbranes m Japan is analogous 
to that of China 

Perhaps the most extensive hbrary of the empire is that of 
the Imperial Cabinet (1S85) at Tokyo with 507.600 vols , con- 
sisting of the collections of various Government departments 

The Imperial library at Uyeno Park (1872) contains 387,208 
vols , of which some 297,000 are in Japanese or Chinese At Tokyo 
there is also the Ohaslu hbrary (1902), 81,154 vols, the Hibiya 
library (1908), 153,000 vols, and the Nanki library (1899), 
87 000 vols The library of the Imperial University of Kyoto 
(iSgg) contains nearly 650,000 vols , of which a large proportion 
are in European languages Kyoto and other towns have con- 
siderable municipal hbranes Kasan in Korea has a hbrary (1804) 
of about 250,000 vols 

LIBRARY ASSOCIATIONS AND TRAINING 

The first and largest association established for the study of 
hbrarianship was the American Library Association (1876). which 
includes Canada The Library Association of the Urated King- 
dom was formed in 1877, as an outcome of the first International 
Library Conference, held at London, and in 1898 it received a 
royal charter It publishes a Year Book, the quarterly Library 
Association Record It also holds examinations The Library 
Assistants’ Association was formed in 1895 and has branches in 
different parts of England, "Wales and Ireland It issues a monthly 
magazine entitled The Library Assistant The Association des 
BTihoth Fran^ais was founded m 1906 and publishes an 


the national bureaux of bibliographical information, and publishes 
reports from them 

It has been calculated by E Spam (El Crecimiento de las 
graiides Bibliotecas de la Tierra) that the larger hbranes of the 
Old World were doubled, and those of North America trebled, in 
content in the first quarter of the 20th century 

B1BI.10GE.1.PHY — ^There is no considerable bibhographj of hbranes 
or Iibrananship Current hsta appear in Zentralblatt fur Bibhoikeh- 
wesen (Leipzig), and annual bibl from these by R Hoecker and T 
'Vorstius, Internationale Biblwgraphte der Bibkothekwtsienschaft (1926, 
etc ) , previous vols. as Beihefte of the Z f B,, by J Vorstius alone 
A very full bibl. of articles in periodicals in Engli^ only is H G T 
Cannon, Bibliography of Library Economy, iSyd-ipso (1927) Direc- 
tories (see also under thei various countries) ; Minerva Jahrbuik 
der Cebehrten Welt (1890, etc.), the source of many of the statistics 
for particular hbranes in the toregomg article A supplement lor 
libraries is now appearing See also L Haftkin-Hamburger, “Library 
Directories” (annotated list) in The Library Journal (No'v i, 
192S) ; Index Cenerahs; Annmire General des Uw-vemth, Bibko- 
tkeques, etc (1926-27) , E Spam, Las Bibliotecas con yo,ooo y mas 
volumenes y su distnbuoidn geograjica sobre IctTierra- (Cordova, 1924) 
and El Creanuento de las grandes Bibliotecas de la Tierra durante el 
pnmer cuarto del Sigh XX. (1925-20), Institut International de 
Co-operation Intellectuelle, La Co-nrdtnahon des btbhotkeques • rap- 
ports sur les centres natiomux de rensetgnemenls (192S) 

History. J W Clark, The Care of Books (loog) , C Castellani, 
Le Bibhoteche d’Antkhitd (1884), Manuals of Librarianship: H B 
Wheatley, How to Catalogue a Library (18S9) , C H Cutter, Expan 
sive Classification (1891-93), and Rules for a Pnnted Dictionary 
Catalogue (1904) , M Dewey, Rules for Author and Classed Catalogues 
(1892), and Decimal Classification (12th ed , 1928) ; A. Mam, Manuel 
pratique du bibhothecaire (1806) , J D Brown, Manual of Library 
Classification (1898) and Subject Classification (2926) ; E C Richard- 
son, Classification, Theoretical and Practical (1901) , A. Graesel 
Handbuch der Bibliothekslekre (latest ed , 1902) ; M Pellisson, Les 
Bibhotheques populaires a P Stranger et en France (1906) , E A 
Savage, Manual of Descriptive Annotation (1906) , A L Champnejs, 
Public Libraries A Treatise on their Design (1907) t Ameiican Librarj' 
Association, Cataloguing Rules Author and Title Entries (1908) 
Manual of Library Economy (1911, and repiints of single chapters) 
and Board oi Education for LibrartansMp . Annual Reports (1924 
etc ) , J D Stewart, The Sheaf Catalogue (igog) , J C Dana 
4 Library Primer (1910) ; The Bodleian Staff Manual (191:3, etc ) , 
J H Quinn, Library Cataloguing (1913) , W W Bishop, Praoticd 
Handbook of Modern Library Cataloguing (1914) ; J D Stewart and 
others, Open Access Libraries (1915) i Library of Congress W B 
Sayers, Canons of Classification (igis) , Carnegie United Kingdom. 
Trijst, Reports (dealing with county hbraries which the 1915 report’ 
brought into being, rgis) , J D Brown, Manual of Library Economy 
(3rd ed W C Berwick Sayers 1920) ; D. Gray, County Library 
Systems (1922), R. D McLeod, County Rural Libraries (1923) 

E A Baker, The Public Library (1923) ; SvendDahl, Bibhothekshand 
bok (edit S E Bring, 1924) ,G Rees, Libraries for Children' A History 
and a Bibliography (1924) , L R McColvin, Theory of Book Selection 
for Public Libraries C1925) , H C Lang, Comfy Library Service 
(1025) , C C Williamson, Training for Library Service (1025) , 
Tse Chien Tii Proie Ed icaium for L nsk p (2925) 
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volumes and was especially rich m historical matenal. The Prov- j Minnesota, 501 50;, University of Pennsylvania 635,070; Prince 
idence Athenaeum (1753) had 104000 volumes The New York i ton university, 594,195 

Society library (17547 had a general collection of 135 000 volumes ! Library of Congress. — The Library' of Congress has become in 
1(3 special strength being in hne arts, early fiction and Amencana } fact if not m name the natzonal library of the United States It 
Endowed Libraries.~-The gift or bequest of ^eat private | was established in 1800 by Act of Congress as a legislative hbrary 
libraries or large sums of money for the erecuon of library build- j and was housed in the Capitol unril 1837 when it vas moved to its 
lags and the organization and maintenance of libraries for free pub- | own building which is the Largest most ornate and most costly 
he use has been a favourite form of philanthropy m America. In 1 library building in the wmrld It occupies 3I ac of ground, con- 
New York the A&tor hbrary, founded by a bequest of John Jacob j tains over 10,000 000 cu ft of space, and has a floor area of over 
Astor, was incorporated m 1S49 and opened to the public in 1854 j ijj acres The original rost was ^6,547,000 — including the site, 
as a reference library of the most valuable hooks on all subjects, dose to ^7 aoo 000 

The Lenox library was established in 1870 by James Lenox a New On June 30, 1927, the Library of Congress contained 3.556,167 
York merchant and one of America’s greatest book collectors. In books and pamphlets, making it the third largest library m the 
addition to funds for a library budding and endowment amounting world The principal sources of growth have been deposits under 
to |i, 247, 000, he gave ms valuable collection of books and art the copyright kw, exchanges of official pubbcationi with foreign 
treasures. From the estate of Samuel J Tilden, the Oty of New Governments, and the Smithsonian exchanges which add estencive 
York in iSgs received the private library of the former governor files of the transactions of foreign learned soueties The main 
of the State and about Saooo.ooo fer library purposes In rSgg collections are strongest in bibhography, history, political and so- 
ihe Astor hbrary, the Lenox hbrary and the Tilden Trust were cun- , ciai sciences, public law and legislation the fine arts, American 
suhdsted under the name of the New York Public library, Astor, local history, biography and genealogy. 

Lenox and Tilden Foundations, which was soon to become the 1 Bcsiues it.s research aiid other services for members of Congress 
largest public hbrary system in the world (2,971,009 volumes and 1 and the Govemiaent Departments it ofters excellent facilities for 
pamphlets) In 1901 the New York Free Circulating hbrary, with i senous scholar.:. It is also performing the functions of a nstional 
£1 branches and later other circulating libraries, were consoli- ! hbrary by extending bibliographic and other services to all the 
dated with the new system as the Cirrulation Department of the I hbraries of the country It stands at the head of a recognized 
New York Pubne library In igoi also Andrew Carnegie gave inter-library loan sxstein, by lending to college, university, State, 
$5,200,000 for the construct’on and equipment of free circulating municipal and oiner libraries books which they do not possess and 
libraries in Greater A'ew York Chicago has two important en- cannot obtain elsewhere 

dowed reference hbraries, the Newberry library (1S87), 1 ) 71 ^ 443 , ♦ Public Libraries — ^The modern public hbrary, maintained 
757 v'oiumes and pamphlets, and the John Crerar library (1894), , by the mnniuDaiity or some other unit of local government from 
with 3 ro,ooo The Enoch Pratt Free library (1SS6) of Baltimore 1 the proceeds of taxation, was scarcely known before XS50 and has 
and the Providence (R I ) Public library (18781 are typical of developed for the most part since the formation of the .American 
the numerous endowed public libraries, many of which are sup- j Library Association m 1876 The earLest ta.x-supported hbrary 
ported in part by municipal appropriations ! is supposed to have been the town library of Sahsburj', Conn . 

At the head of the list of hbrary benefactors stands the name of * estabhshed m 1805. The oldest existing hbrary of this kind is 
Andrew Carnegie, whose first hbrary gift was made m rSSi to | said to be the one at Peterborough, N H , which dates from rSys. 
Dunfermline, his native town in Scotland His second gift of a j Legislative sanction for the use of taxation to maintain public 
library was made in rSgo to Allegheny, Pa Pittsburgh received a | hbraries was given in New Y'ork in 1S35 the school di'.tnct beme 
large central building in 1895 and later eight branches The total ^ the library aiea. By the Michigan Consmation of 1S35 the kgis- 
araount given by Carnegie and the Carnegie Corporation for 1 lature was given power to establish a hbrary in every school dis~ 
libraiy building in the United States and Canada was $43,665,- I tnct In. 1848 the Massachusetts general court authonaed the 
aoo In its gifts for library buildings the corporation, organized in j city of Boston to raise $5,000 a year to maintain a public library, 
rqrr followed the wishes of its founder, until its gifts for libraries and m 1851 this Act was applied to ail towns in the Stale Similar 
W'ere discontinued in 1917 j laws were soon passed in other States In igaS legislation author- 

College and University Libraries. — ^’fhe history of college izing the establishment and inamtenance of municipal public U- 
and umversiiy libraries is also a record of generous gilts from branes was found in every State except Delaware where the 
pnv,ite colleciors 'and friends of education Harvard college library school district was the only unit recognized for this purpose 
dates fiona 163S when John Harvard bequeathed to it his codec- The latest statistics show about 6,000 public hbranes in the 
tion of 330 volumes By 1764 the library had grown to 5.000 United States, with an average per caput income of $033 and an 
.'oiuraes, when all but one of the original volumes were destroyed animal per caput arculauon of 2-13 volumes It is estimaiad, 
b}' fire The library of Yale college was founded in 1700. but however, that 5% of the urban population and 82% of the rural 
greiv so ilovily that even with the i.eoo volumes received from population live m areas wiih no local public library service at all 
Bishop Berkeley m 1733 it had only 4000 volumes in 1766. and Most of the well organized city library systems spend from $075 
some of these were lost m the Revolutionary War The library of to $1 oc or more per caput In tpafi Clevekad led all other cities 
King s college, renamed Columbia college after the Revolutionary with a per enput library expenditure ol 69, followed by Boston 
War, dates from 1756, when Joseph Murray, a governor of the with $i 42 Indianapolis with Si 14, Los Angeles with $x 05 end 
college, bequeathed to it his private hbrary It is estimated to have Minneapolis w.th $.1 00 

had only about 2,000 volumes at the outbreak of the Revolution One of Ihe ways in which the modern public hbiarv' attempts to 
Though stored in the city hall for safe keeping, many of the books ‘ make its service of vcilav to the community is by specialization in 
were carried oft by British soldiers and the rest scattered and never us service and organization Specukzation by subject is frequently 
recovered except for a few volumes which are now in the library represented ny separate departments, m charge of specialists, of 
of Columbia university. The rehabilitation of the hbrary after the | busmess technology an. music, education, etc In some of the 
Revolution was accomplished very slowly In 1863 it bad only | recent central library buildings book stacks and reading rooms- 
14,941 volumes ) are arranged to facilitate departmental organization. Specialized 

The Harvard college hbrary has about doubled in size every 20 j service such as work with children and co-operation with schooh 
years for over a century, and this rate of growth has been equalled | is usually not confined to the central Kbrary but operates also 
or exceeded by most of the larger college and university libraries, j through different kinds of distributing agencies Branch librar.es 
especially in recent decades In rgs- the number of volumes in ( and sub-branches have their own collection of books and are lo- 
these Hbraries were. Harvard, 2,622400, Yale. 1,838,099; Co- j cated near the centre of the local business or residence area to be 
lumbia, 1,092.343; Universit}'' of Cahfuniia 665680; University I serv-ed It is assumed in the best library systuns that there should 
of Chicago, 708,559, Cornell university, 787,127, University of | be one branch to every 25,000 to 40, coo population In less 
Illinois, 708,850 University of Michigan, 649,912; University of ) densely populated distncts a branch cannot effectively serve so 
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:he League of Library Commissions was orgamaed “to promote 
bv co-operation such library mierests as are iMthm tbe pro\iace 
of iibrarj superiLSioa by the State In igaS 39 States bad a 
library ezeenswn agency m operation, three more had laws provjd 
ing one leaiang set.en States that had no c'l.terision agency nor 
legal pronsioa tor one In 13 States, as noted above, the State 
iibrarj- is the e.Tiensicn agency , m re the function is performed 
by the State board or department ot education, and in 14 tliere 
be scsoii and hbrary auibonnes co - 1 is an active library cciMniission The functions aciually performed 
are .-monn as schom libraries and in ; by library commissions or other State agencies responsible for 

' itbrarj' titension rntlude aid in improving local public library 
* ser’ice, establishment of new libraries wbeie needed, piomouori 
funds 's’usjalij a hoard ot trustees, ' of co-operation betiveeo libraries, assistance m providing libraiy 


v,T.o coiiecnoas w irom 
are changed frequently, 
band but tiL! orders Irotn a 
nmnes consist of snail collections of 
irirec lent to faciones stores, clubs 
ti: 


puacc library has uadertasen to 
kcLc schools bv f umisbing classroom 


jO’^uHe^ are is'.-hhsiie': m schooi buildings 
>. t' cmirc '-ot; vf rhe ri'iniapa! public library supported 
>'t .j-r- f-'S- a 
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other otnaal or body de^ gaated 
library board is self-perpetuating In 


service for schools, and for State charitable penal and reformaiory 
in&tituaons nrovision for library service where local service is im- 
practicable distribution of Stale dccuments, library seivice for 
the blind and legislative leference work 
The traveihng Iibr.iry represents one of the earliest forma of 
State library extension In 1S9C a system ot trav'elling libraries 
was created in New York under the leadership of Melvil Dewey 
Travelling collections of books were used m xgaS in 33 States 
A soe-ia jbnry for children v^as esinbLished :n New York city ’ The State travelling library is a collection varying from 30 to 

; several hundred volumes for general reading, although special col- 
‘ leciiOKs are sent out m some States “PaLkage libraries,” consist' 
log of pamphlets and magatme and newspaper dippings on current 
’ events and topics on which there are no books, are sent out 
through the mail by some cKtension agency in several dtUes for 
j the use of high school debaters, dub women, discusMon gioups 
I etc Nearly ah the extension agencies make .a practice of mailing 
j one or several volumes directly to indiviciualfa 
I Codnty Libraries. — The most effective form of Iibmry cx- 
; tension being carried on is the development of county libmry 
.'s I O'*' 'ooii iund ii coiiaered a reasonable proportion for the , systems The county library is a tax-supporTtl library serving an 
Cl cue ^jUc! t hbrarv’ to cevote to children s boohs. In libraries ] entire county (excluding in some cases the larger towns aiul ciUes 


cv i:. „ ;c v C 3 ;e,- 
c mt punuc horary is operated under ihe hoard ot sdu- 

u'.uc arm .a c^rii-P ,>t es which 4xe under the city manager or 
ce corunlsajon term of gevemaert there is no library board at 
_'i ibc crirhc „orcr; hemg administered as a department of the 
c.;y ra , ermncr.i wuh zhs horanin directly responsible 10 the 
. or or City maa„ger. 


uriy cs 1 1 it la iSgc a separate rcom for chitdrtn was opened 
r. the putilc jbrur;' at Broakiine. Mass and m the next few 
..-irt publu ioranes began generally to provide 'pecial rooms ot 
iiTcr ‘ac j.tie3 ic: ch-cren By igoa a separate chddreti's room, 
c.y'; specany truaed childrens librarians :o giv'e skilled and 
r.pj:h;*:c c-Jdar.cE :a the use of books and penodicals had 
:o be cvtsidcrcd an essential part of every well conducted 
p^'-Ji, iurary Ti.-dav .'n pufahe Kbranes in which organ zed work 
vv3,b ciiidren is catiied or, the iavemfe circulation amounts to 
ja :o rcT- cf the total From one-quarter to one-third of 



, cj bh'o insrructica ir, the use of books and libmnes to ciasces 
-."t m :.arn rerjlarly from the schools 
State libraries,-~ln the begirining the State library' was essen- 
- -jy a iiiiv and legislative hbrarv for Srate officials The State 


each the more isolated sections book automobiles are UnOd by 
some county libranes From the middle of the igtb century 
sporadic etforts were made to establish county liljranes, and some 
of them met with d fair degree of success, hat it was in Cahfoimn 



i irces* ar.p t.esr 
:<'u,r'Ce.I !n ItilS 

* tr.r,c library for 'he leaislative cr executive deparrments ot 
’he ~'lte 'Jov^rnnesi:, or for hoik, it is gtneraily open to the 

pi-; 

‘o 

irate.-, kbrrrj exietision work is now a function of the State 
'V r-iy- _ In :t the State la-w library is separate from the 
flte iiur-ry In nine Stetes the legislative reference bureau is 
4iSo separate, la certaia Stales miscellaneous functions have been 
a-'^umed. sj.b as hisronral research and the care of museums 
The term uLrary extension is usually applied to the e^orts of 
i' me btdtc cdtfaonty 10 aid m providing local public library 
«r,me ar some substiute for it m the smaller towns and rurd 
n V -Kfi (31 ijig popuhtion living in towns and cities 

t«} ihsji 


i4ie .inrary, that of New \orit at AlPanj, was , laduence on county library legislation m other States Ihirty- 
v\hi.e tae State library' « primarily a special , three States have laws authovuing county INrary service in some 

' i lorni Management is usuahy in the hands of a county library 

H ! J, re(mr.r,- parpc.c Abuu; iSS; otate thranra bagao | system is managed direedy by T4^coant’f^Jlinfsors'^"'A'd^^^ 

snouid be under the supervision of some State agency In ignS 
^ pubhc funds were being appropriated for county public library 
I jx only 251 out of the a 806 counties in the United States 

} LaWonua headed the list of States with 46 counties out of a 
total Pt 53, less than 3% of the population being outside public 
ubrjTy service areas 

School Librarics.~The new curriculum of the high school and 

the newer methods of teaebng have made the school library 
necessirv The frroi 1 li, • . .A 


t» pvptsatiw in the saaiiEr towns and in the ooea T" unrarians began to he 

■cjEVry have snr had of bcal public library service The £t - sSSol hAiafn^e ^ 

^tate w atufii problem was Massachultts, which in | imkiiswrSSmnlv 'fo-'tSt ^ u maintamed and ad- 

rcst.t« a Srare sssm known as tfje Free PufaHc Library Co^ I nunistratioif of tcyLi vk ^ benefit nf pupils and teachers Ad- 
water isnctm ms to aid ia tstwMmg and (STelra ! W th?tfhnr,i ! of this tond may he undertaken 

ftse hsrar*8 thros^stk the Stats. New HaSiire foliowS^n ' ^ themselves or turned over to the public 
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and equipmerst of the library and the qualifications, education, : appomced by the mayor, city manager, council, or some similar 
training and duties of the librarian In some States the standards [ officer or board A few libraries are controlled by the local school 
adopted are not compulsory but are merely recommended to local boards, and a smaller number are administered by self perpetu- 
school boards. It is usually assumed that a full time librarian is ating boards related to the city by contract or agreement Fre- 


required in schools of 500 or over In the smaller high schools 
a teacher — most frequently the teacher of English — serves as 
teacher-librarian 


quently the size, tenure of office, duties and responsibilities of a 
board receiving public funds are specified by State kw 
The trustees are charged with the duty of fixing the policy for 


Special Libraries. — Speaahaation in all fields of endeavour ' the rnstitubos, establishing pnnciples governing the stalf, deter 
necessarily has its counterpart m library service A very large j mining the Icind of hbrary best fitted for the comniuiiity Thej 
ras-supponed pubhc library can specialize its collections and 1 usually have committees for more immeJute and mtmiAte super- 
senoce to some extent particularly m the direction of some j vision of current work than is possible by medns of the fthole 
dominant industrial or other interest of the community. Endowed 1 board Their tenure of office and length of service may difeer in 
pubhc libraries have moie freedom 10 neglect certain fields and ! detail, but ihe aim and intent generally seem to be the choice of 


concentrate their efforts on others Pubhc libraries, on the other 
hand, may build up special collections in various subjects and pro- 
vide specialized service for schools, for children, for the blind, tor 
business mea, for Government officials, etc , but it is seldom possi- 
ble for them to carry specialization m either collections or serv- 
ice to the extent that is required by the educational, busmess, 
professional and ocher interesis of the community Professional 
and other groups, therefore, find it desirable to organize and main- 
tain iheir own libraries so ^hat in populous centres are to be 
found privately supported libraries of law, medicine, engineering, 
etc Some of tnese are for ihe use of members or subscribers 
only, othc-s are open to the pubhc Educational institutions re- 
quire libraries that are built up and administered to meet the 
special needs of students and teachers With the development of 


a middle ground between changes so frequent and rotation in 
office so constant as to make impossible continuity oi policy, and 
so infrequent as to suggest danger of dry rot The hbranan is 
usually recognized as executive officer of the board. 

The spint of current rules seems to emphasize fair play lor 
all users of books, equitable treatment for the pubhc, rather thru 
convenience for the staff. How many volumes may be taken 
at one time, length of withdrawal before renewal, fines for failure 
to return books for renewal regulations for summer or v^acation 
pncnleges, special consideration for teachers or other classes of 
readers, these and similar administrative controls differ so widely 
because of v'arying local conditions that generalizaiion is danger- 
ous Mosf libraries hmit loans for ordinary books to two weeks. 


set fines of one or cwo cents a day for books noc renewed, grant 
the modern business corporation the need arose for a specialized ! special pnviieges when general harm or inconvenience will not 
library service which could not ordinarily be furnished by the ' follow. 

public library The result has been the rapid development since i In most cases support comes from public funds granted as a 
about agio of collections of printed matter in special fields, m 1 result of request to the committee or board fixing the local tax 
charge oi persons familiar with the subject matter, for the use of i levy In some cases money thus granted is turned over to the 
a more or less hmited group In 1909 a Special Libraries Associa- | hbrary board for spending under proper accounting and super- 
tion was organized and began publishing the monthly journal ' vnsion, in other cases it is paid from the office of the local dis- 
Speml IJhrartes While the association draws its membership ' bursmg agent when warrants are presented bearing proper author- 
iram many types of special libraries, the business interests pre- ' ization and certification, by the hbrary officials, 
dominate It' has now' become quite common to find special H- j Some boards select new books themselves or by a committee, 
braries maintained by banks and investment houses, insurance hut m the larger syslems tbs task is usually turned over to the 
companies, advertising agencies, newspaper offices, pubhc service hbranan. Occasionally books must be bought by pubhc bids and 
corporations and a great variety of industrial and commercial 1 tenders, but the tendency seems towards giving the librarian 
companies ' j greater discretion as tu purchase of books and supplies. The 

The American Library Afesodatio-n, organized in X876. is an prediminar)' steps and the details of control up to the time of 


association of libraries, librarians, trustees and other friends of 
hbraries, pledged to carry out the purpose of its founders “by dis- 
posing the public mind to the founding and improving of libraries.” 
It had in 1927 a membership of more than 10,000 Its total budget 
in the fiscal year rgzr was more than $325,000, the largest items 
of e.xpenditure being for the promotion of professional library edu- 
cation and the publication of text-books, professional hterature 
and aids to book selection. Headquarters are located in Chicago. 
During the World War, the association provided hbranes for ' 


purchase of books and supplies are in many cases regulated by 
statute or local orduiance, but once the books hav™ passed this 
sta^ their administrative processes are fairly unifurm, thanks to 
standardizing of methods and processes resulting from the influ- 
tmee of the hbrary schools and the training classes Cataloguing, 
accessioning, subject heading, classifying, charging to borrowers, 
registration of borrowers, inventory work reading the shelves are 
all coming to show little variation from one end of the country to 
the other One important element in uniformity of cataloguing is 


soldiers, sailors and marines, sending mote than 2,000,000 books \ ’'ke growing use of printed cards supphed by the Library of Con- 
overseas from 1917 to igCQ Other associations affiliated with the 1 Several classification schemes had ardent^ advocates a 

ALA are the American Association ut Law Libraries, the League | generation ago, today the Dewey decimal system is almost uni- 
of Library Commissions, the National Association of State Li- j versal among the more popular libraries, and the Library of 
brnnes, and the Special Libraries Association Nearly every State Congrep system bids fair to equal it among the larger coUege. 
has its own hbrary association or j’oins with neighbouring States university, and reference libraries A similar tendency toward 
m a regional association Library clubs, are found in many of J uniformity in the reporting of activities is shown by the growing 
the larger citiev. (C. C. Wi ) ' use of the system recommended by the ALA. (H. ML") 

BianooRAPHY, — ^American Library Associatian, Library Exumion' BmiioCRAPEar— .4 Aiirvei tkr PuriedAratM coadacted 

A Study of Public Library Conditions md Needs by the Committee 1 by the American Library Apoaation (iqzfi, 4 volumesl , Free Public 
on Library Extension (1926), School Library Year Book (1927), 1 Lffiraroir susSfsiMits on their foundation and admiKUiratwn, pub- 
A Survey of Libraries in the United States (1027) and American U~ \ hshed for the American Social Science Assocuuon I1S71) J. C Dana, 


brary Directory (1927) , A E Bostwick, The American Public Library 
(igz^l ; H. C Long. County Library Service D A Plum, 

A Bibliography of American College Library Administration, jSgd- 
iczd U 92^1 J L- Wherfer, Ihe Library and the Community <1934) ; 
G. A Works, College and Umvenity Library Problems (tgry) 

Administratioa. — ^In the United States details of administra- 
tion differ because of varying requirements from local and State 
governments, with marked tendency toward uniformity due to 
the influence of hbrary schools and the A L A 
In general the pubhc librtry is administered by a board of 


Library Pntner (igao, and earlier) ; Mary W Plummer, Bints to Small 
Libraries (,1511) j A E Boztwidk, American Pubhc Library (roio) 
LIBRARY ARCHITECTURE. Ardnlecturaliy, the li- 
brary is a modem problem There were, of course, many famous 
libraries before modern times, but from the description that we 
have of those of antiquity, and from the examples still existing 
of Hbranes of the Renaissance on to the end of the iSth century, 
it is clear that the great collections of books were kept simply in 
rooms or galleries furnished with shelves or cupboards, and some- 
times with heavy pulpit-lifce counters on wluclx the ponderous 


trustees or directors elected by the conatnumty or chosen or i folios could be rested. Aesthetically the treatment of these 
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L imztz-Jcrz acd special departroents la oar modem 
‘3;= me ;'ld sGa^rr.e la which rhe ibeires of hooks provide 
3 :or the nads n\ sllteg the anesl tapestnes, caa hardly 
rved ^But for :tte requirements of the modern pubU 
mm.h ids ’ll rzut aemands pecuuar lo modem ccs&hom, 
phn cannot ser’-e ’ 

o.juem protieir. Srs; present'‘d itself early in the igth 
Tf.ln tie tremTidotis srcTitlj in the nnmoer of hooks 
d t::ci the drieLpmect of the democrticic desire to place 
i-i’-ed co.:er.ion.. at the semce of the general ptihic, 
re enteisicn of the type of nbranes as then existed -was 
hr no solution tte have the record of such a scheme in 
^.'^prc 'set O' Boulde ( entitled dfcifiofr on the 

0 ycdre ;or ih•^ Km^s Library Adtantaiei Reqiured 
ALmiven: {x^Sf^;. This meraoir is accotnpaoied by a 
sruAing a gi^antiC gdilery covered bv a barrel vault 

m on wo ce'ennsdes whicti vanish m the distance at a 
apse, and adm/ting ms light only through a rectaagukr 
in tne centre Under the colonnades there are three p 2 at- 
ai-b stipQQitlng a uer of books Aesthetically, the design 
itbcijt meri. jn ns severity, and it shows, moreover, an 
^-.-"i o: the tnagmtode of the new problem. But the 
nor tc he found in a mere increase m. size, rather in 
Evpegi»3i.n of tie p’jblic in reading rooms and oi tbs 
0 . separate store-rooms for the books. These store- 
re what we now call the ' stacks,” where in general the 

of space can be made, 
y as oi;, tie French architect Bcniamm Deltssert 
a .or ihe propoKd dib.mtheque Nat'onale in Pans, a or’ 
room, the book-stacks surrounding it Iving 

0 .ue centre lie old Wolfeabattsi library (ito 6 i and 

i-iC ^hr plan b’ut without the separate book-stacks 
Jbr^reaurg room recoffimeDded itself by allowing the 
ms,.5i.ea on a rmsed platform in the ceatrel an easier 
OB o: the readers Deli^sser's plan probably sjogesUd 

Irthi-ctf^isT'^ f ’^e Britob Museum (il aid S. 
r aiuc... iSj, r where, however, the stacks aw TniUi.t. 

1 erxHmrd around the central dome ^ 

'»s -=i 

" uptwr ficor o^ the sf m ^ -“ding room, occupying 

1 rSe «“ »' ‘J» 


problem, a solution so modem ia his frank treatuient of structura 
elements that this bvildmg remains one of the prototypes oi 
modem archilecfnrs 

Later, in the plans for the Bibliothequc Nationale in Prru 
(1S54;. where he was less hampered by the exigencies of space 
Ibabrooste gave another remarkable building The muln reading 
^ room IS square, with an apse, where the iibranans are metalled 
.’ facing its eutrarice and commanding ibst to the stacks. The read 
’ mg room is surrounaed by three tiers of shelves -with the light 
coming through a large opening on the north side, and from nine 
domes whiCh each rest on four light steel columns The atmos 
phere of me rooms is quiet and restful and the light is exceOem 
^ The most remarkable part of the composition, however, is the 
' boot-stack {magastii dei imprmh), a Age room, go ft by 120 
' feet Here the pnnciple of the modern book-stack is ftist evolved 
The shell of masonry is covered by a glass skylight, which allows 
daylight to penetrate esmry corner, while inside this shell, the 
metal Iramew-ork of the book tiers and the passages between is an 
enurely independent construction renting on the basement floor 
Tneae are the essentials of the modern book-stack, the invention 
of which has been attributed quite incorrectly to W H Ware 
and Bernard Green, the only improvement contiibutcd liv these 
gentiemen_ many year,? later, was the closer packing of the shelve^ 
and the eliinii!a.t3 on of surh vv'oodwork a.s rfm^-uned 

MODERN LIBRARY PLAhfWING 

The three Hgoes of libraries represented by the two works of 
, Labrouste and the British Museum are the elementary types on 
I which vircualiy alHarge modern abrciries. are basod, To the (ype 
, cf the Ste Genewhve, with a leading roo.m lighicd on both 
sides, with books along the vails or in alcoves, and Tinli a storage 
under^the reading room, belong the New York public iibrurv 
I (Carrere and Hastings, architects, rSg:), the Lbi .ry of the Uni- 
j versity of Chicago (SbepJey, Rutan and CooJidge, archiiccLs 

Trumbauer architect 

J9-5 To the type of the Bihiiotlieque Natioivile, zi- with 
, a reading room parallel or perpecdirular to the smeks, behnic the 
I library of Berhn by Hosfield (i8?5k the Wklener 

' T T< 3 ronto library and warn uni- 

. ^ T’ Museum, ia. with 

a circufer rea^ng room surrounded by tne book-stacks and liKhtod 

Columbia unnSy 

i (McKim, Mead and White, aichitects tdgr) 

So Nechelmann, architects, 

1895) tod the arary of Congress, Washington, DC (Smigh- 

dcycT snd a-fchi^prto; T^iifwr^rs » ~ 

far 1SS6-97; The onginal scheme 

or ibis D-t htrary had radiarmg book-stacks, like the Delessert 
scheme, bni ic was abandoned for a block enti ely fttlMgX S 

K effects cannS £ quS- 

uoned, b ut opinions differ widely as to the advisability of packing 

the book -stacks so closely wilhout 
allowing other than arijticial hght 
Local customs and special lo- 
cations and purpose^ Lwe neces- 
sarily effected many variations 
irom these types of which the 
toost charactenatic L that of the 
American hbrary In the United 
States ihe number of people who 
borrow books for home reading 
exceeds the number of those who 

: hbrary This has given use to a 

of which is the delivery room with ieatuie 

tion with the stackr aZ LYi commuaka- 

arranged that the readers m rtip open shelves so 

of rndanapote tf 

andMedary, architects 10/^1 L ^anUinger, Banc 

6? II» uni? otSShrof 'ft Td"''’ “."“I’M 

pM.a. a.. , J“ lifbSn" 



SecoSd floor flam of the jmoi 
anapous central librfrt 
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cks, and 1=; surrounded by shelves 
s van select thek books, register 
desk for any book taken from the 
above, IS occupied by the reading 
muniCation with the stacks, and by 
shelves and alcoves in winch casual 
eryone, book borrower, or visiting 
5k The four tiers of stacks are 
id can be enlarged either verucaJly 
coaomy of space and expense has 
in of the monumental stairs, which 
, in two-storejed libraries of this 

larger libraries, the card-catalogue 
It as to require a special loom In 
jublic library the catalogue room 
e readers must pass it on their way 
brary, the seven tiers of the book- 
dmg room, m the centre of which 
vilh open shelves for hime readers 
pecial reading rooms (periodicals, 
ibrary for the blind, etc ) and the 
the two front wings and their 

die library, i e , with the delivery 
id the reading rooms secondary to 
'es, such as those at Washington, 
by Albert R Ross, and those at St. 
, both by Cass Gilbert 
ty library was evolved for Johns 
Md , by Parker, Thomas and Rice 
emphasis was laid on affording the 
ents working in classes in the bmld- 
access to the stacks For this pur- 
re placed in. the centre of the block 
the seminar rooms, W'hich are on 
The mam reading room is at the 

United States, a standard type has 
of smaller communities or for the 
e g , branch libraries in Detroit and 



I I 





FftOK THE ■'AUCBltlCTUBAL 

BasSMENT AND FIRST FLOOR PLAN 
OF SHARON rMASS ) LIBRARY 


oranes m England). Although the 
' to admit some special reqatrement 
allery, it Is generally that of a one 
iver a basement and standing free 
lighting from every side The en- 
directiy to the delivery desk, while 
“ devoted to the adult reading room 
room, separated, in the majority of 
, to afford general supervision by a 
lesk 


EXTERIOR AND INTERIOR TREATMENT 
In the large libraries, the exteriors of the buildings have been 
treated either in the tnodermzed classic tradition or, as in some 
university hhraries, in the general style of coliegiate Gothic 
architecture adopted for the group. As remarkable siudies for 
eievauons may be mentioned the Sie Genevieve library, the 
library of the £cole de Medecine, by Ginam both in Pans, the 
New York public library, the Boston public library and the 
Columbia university library, the last two by McKim Meade and 
White and the Detroit public h'brary In the smaller libraries in 

the United States, there is a 
wider range in the styles of the 
fa<;ades, which are often inspared 
by the dominant note in the 
suburban architecture (e g , col- 
onial tjqies or Spanish ciission'i 
In Europe, inhere the branch li- 
braries are for the most part 
annexes to public huildings and 
schools, there has been less op- 
portunity for the creation of dis- 
tinctive types 

The technical equipment of h- 
branes has tollowcd the general 
trend of the times in the progres- 
sive elimination of all woodwork 
in the shelving, unless kept for 
decorative reasons, in Ihe effort 
to urihge a maximuna of snace for 
storing books, and in the sim- 
pliftcation of service by book-hfts, conveyors, etc The lighting, 
by day-time, is more satisfactory when obtained by windows on 
one or two sides of the reading room rather than by skylights, 
while the lighting of stacks in the majority of cases must depend 
largely on electricity Obviously, provision should be made in 
library planning for future extension of stacks The very large 
libraries in Europe are at present crowded by the huge collections 
they are obliged to maintain and are contemplating the necessity 
of dividing into separate 'departments, in separate buildings. 

(P. P Cr^ 

LIBKATION, a slow osciilatinn, as of a balance, in astron- 
omy especially the seeming oscillation of the moon around her 
a-tis, by which portions of her surface near the edge of the disc 
are alternatelv brought into sight and swung out of sighr. 

LIBRETTO (It, dim of hbro, a. book) term for the tex*-, 
or “book" of an opera 

LIBYA, the Greek name for the northern part of Africa 
(AiSoij) It is raentioned in Homer as a knd of great fertility 
{Odyssey, iv 85 1 It did not include Egypt, which was considered 
part of Asia and first assigned to Africa fay Ptolemy, who made 
the isthmus of Suez and the Red Sea the boundary between the 
two continents The name Africa came into general use through 
the Romans. The old name was reintroduced by Diocletian. % 
whom Cyrenait.a was divided into Marmarica (Libya interior) m 
the east and Cyrenaica (Libya superior) in the west A further 
distinction mto Libya interior and exterior is also known The 
former (17 kvTos) included the interior (known and unknown) of 
the continent, as contrasted with the N and N.E. portion; the 
latter fw® was called simply Libya. See Africa, Roma.\’ 
LICATA, seaport, Sicily, province of Girgenti, 24 m S E of 
GirgentJ direct or 54 m by rail Pop, (1921), 25,473 The river 
Saiso, east of the town, is the anuent Eimera meniiomhs On 
the promontory, which has the town at its foot, and is called the 
Poggio di Sant’ Angelo, the Ecnomus of the Greeks, is the site 
of the town Phratias of Aeragas built after the Mamertines de- 
stroyed Gela (281 Bc). It was otf this promontory^ that the 
Romans defeated the Carthagiiuan fleet in the spring of 256 b c , 
while la the plain to the north, Ramiicar defeated Agathodes in 
3T0 B c The modern port refines and exports sulphur, 
LICENCE, permission, leave. liberty, hence an abuse of 
liberty, in particular, a formal authority co do some lawful act. 
Such authority may be either verbal or written when wr'ttea the 
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LICENSED VICTUALLER 


•nyir.ig tie sutborky is s=3;d a ‘liceax ' Many ' sporadic and intemattent and they had no appreciable affect in 

.uthority, ^ re-estabiibiung the pubIic-ho’a>e as 4 “victualling bou'e " The 
' j intention of the law, nevertheless, remained dear and it Wus the 

of this intetiiion in the notorious Tippling Acts of 


in ;beissal»es an 
jTid ii.rtte;- ntut be sb:2;ui;d 


rcgdcKC cf sidzaios}' a 
(t;« LiQroji Laws etc 1 

LICENSED VICTUALIfEH. -h licensed liccuallar in reasseruon „ „ 

tea cr-gino: Ensinh ir.eann^ of the u-rr r-ss tse keeper of what ' James I (ihoi-j. and 1613-14) and Charles I ( 16:5) that gives 
rr.e t.o n'-ensln* smt'Jtes lUiied 5 ' viamhing house ’ As a descrip- j these futile acts their historical significance The objeci oi this 
t->'= 'irz the name is one cf consiccrcble historical interest j special legislation was made plain in the pieamble to the first 
ari 'rnpjr:.ir.c& It tears deer witness to the intenuon and purpose i of the lippiing Acts It was to restore the “anuent. iiue .md 
vC cce i'mrc m ftie instv.ut'on cf the liquor licensing sysiem, and | principal use of inns, ale-houses, and victualling houses” as pluce-i 
jiti to tas 'hurjcrcr oJ the social scrAce winds the ncerisee was | to the receit relief and lodging of waytaring people travelling 
orl nv^jired fo render to the^ community. Be was not • from place to place, and for such supply of the wants of such 
r.w r.Oi irrtendei to te^ a mere cram-seller, s,, a retailer , people as are not able by greater quantities to make their pro 
primary ^rd praaicahy exclusive business it was lo sup- 1 vision of victual? and not meant for entertaining and harbouring of 
'IV jL j3chr IquoTS to the paOiic, but a vic/uads!-. ta, a retainer j lewd and idle people to spend and consume their money and time 

' m lewd and idle manner " 

The Tippling Acts notonously failed Prolonged inefficiency 
in regulatme control and widespread maladministration of the 
iitensing statutes had gone too far to make a summary' cure pos- 
sible, but the dearly avowed object of the Tippling Acts is of 
great histonral importance m a survey of the original purpose 
and intention of the English hcensing system TIic ulliniate 
responsibility for the final departure from the original idea of a 
victualling house rests, however, with the State,' which, by its 
unhappy fiscal and legislative poliev at the end of the sevenioonth 
and III the early decades of the eigbteenrh ctntury, took the first 
of two steps, each of which had denioraliamg social eficcLs, winch 
finaliy seated and disastrously aggravated a drifiartuiv m mm and 
policy which heretofore bad casually developed from adminis- 
trative negligence 

Tlie Gm SEops.— -The economic and fiscal policy of Wilham 
and Mary at the end of the i:th century, coatmued as it was !>y 
Anne m 1704, brought in its train a flood of gm shops which 
established in England a new and immcasanibly worse type of 

tlOnlina” house wbtwp iru-mii Co anA ,...1 ,, _ 

a VICIOUS stamp 
which it has 


>jf 111 id ..nd dnsk other than and in addition to the alcoholic 
;«vi.riaes ccmwosly consamed the sale of which by the hcensed 
vsetuader wa? merely an onuliary part of his vfctualimg trade. 

The idea, liAt ether institutional ideas, did not long endure m 
.nmettea, ahhovSgh ua'ii the 17th ce.ntuiy at least r£ coatmued to 
reprerem the lutendon acc object 01' rhe State Lar and negligent 
r6rmr.isL'"a:!o.*; anc— mjcn later — ^fiacal and legislan've changes ob- 
Sud-id th- idea until it ceased to geverr. cr ever, to intiuence the 
tr^diLg rr^thids ot licensee The ■‘■ficeased sktazRer" became 
a pcojcrfi wrose pr-mar/ 3rd practicady sole business was and 1 
3 the itiaiiinp of alcoholic oeverages. 7 be name has lost its 
aci>eat crei jpe.,jEc icccning In modern (and accepted trade) 
UjiSgs It applies oiiJj to ihe holder of an ordinary “full'' (publi- 
ftn s ) ficence and is so restricted in the rule? of the Incorporated 
ni c.etj of Licensed \ ictuoliers, the oldest and most prosperous 
vf 'tods ■ benevolent societies. 

tJiangcE in the connotadon of names and terms are noi un- 
eottimnn iu tie history of social iucctutions but such changes 
ert ustiaiiv changes of espmsicn. involving an enlaraement and 


imprcvemeut ot 'the scope of the Vnde eL lAhe ^ tinS” hlfT, " 

01 the pchlic-hojse ■ me ucensed ‘viutvahin, A whose mcrease and activities put e 

has beer. 0: a different kind Ithas not been, m theltrici se^ nm pj- wh P pubhc-housc which it has 

b« s dep^nurt fSk “ TovSSs S *1’° ““ ’I'» 

fi 3 £I( 3 J£ d^eirti fif tEp .-x 1^ ea j 'victualling house” was not merely ignored but destrv'yeii The 


has beer, of a 

;-n_evoiiit;or.ar>- taauge. out a departure from a governing loca 
ftojeh ^..5 the rairoji d'etre of ihe institution itself, and it has 
ur.otod net an enlargement, but an unhappy resmction, of the 
sOcisi service whica the institution was intended to render In 
f t-fenge the 'Mctuailmg house” became agamst 

the State sub- 

^4t.er.,; bu no: until the beginnmg of the iStb ceawn-, ac- 
tne change by legalizing the worst form of 
‘ wcmalting house ’ by that time had 
d-iap^a.ed. ar.« the name aione survived in ihe siatuie-book It 

Why •‘VietuaJOing” Disappeared.— This, -ivas, not as is 

Sf m social and econoAc con- 
au^s me erneiged as co-operatmg causative factors at a 

PC to commercial motives and was made 

3 -i-me ^ hand was 

was easily fos- 

S’', S 

I*, 

the iflw, Lktses: ^ ■ adfflimstration of 

dim ^ them r«pe 2 t 5 ®Liutom®T^ 

* 5 ^ feeSEt ftifes Privy CouncD 

«ce-ice .uppressfop. These suppressions were 


^ J \ 1 ,, — — - •‘©‘•'■•'Avy* uub UVBL-lS'yCU XlJC 

ewl wought by these ac^ was furthei aggravated, a century later, 
by the Act of 1830, which established the beer-housei— a new 
form of drinking saloon— which, although subsequoiUiy restricted 
but endowed with a vested intere?!, still exist in hr^e numbers, 
r!.; W ? from the original aim and puipose of 

SmuSS we the difficulties and 

complexities of the public-house problem as it exists iu Engiimd 
fo-day It IS these departures, due partly to negligence and pLtly 
2dd?d?rS Jn fiscal and legislative policy, that have 

manifest Tfiey have created a problem of redundanev whreb k 
not mvputed but which is buttressed and beset by legal interests 
which make an equitable adjustment of facililL for Ite Vo 
pubfic need and demand difficult and slow. A return to the idea 
of the “victuallmg house,’ which, if preserved, woffid auLn Vu- 
cahy have deicmnned and controlled the supphr of facihtifi-, 1- 
no easy. Modification of the original requirSnt lid 

SuSrasfSfb" ESi\'froi': 7 s 

than intoxicahn" liouor'i af a ^ >^^freshment f other 

went a step fuAer to fbobtof of xpai 

but limiting the sale of mtonVa ''closmg-hour,” 



LICHENS 


5Q 



2SQ 


LICHENS are w h few except ons land plants of s aiple 
strjctj e They grow almost e evy >(here spread ng o er sod, 
rocks the t unks branches and .eaves of trees, etc , as flat crusts, 
leaf.* expansions, shrubdike tufts or pendulous nlaments in va- 
rious colour shades of white, grey, yeilow, brown or almost black 
The terre lichen, a word of Greek origin, was first definitely gh-ca 
to lichens as we know them by Tournefort (1700) 

Licnens are of unusual interest in that the legetative body or 
thallus is a composite plant formed by the interdependent growth 
of unicellular or filamentous green or blue- 
green algae Myxophyccae or Chlorophya- J 
ceae fhg i), with the filaments fhyphae) 
of one of the higher tungi — ^Ascomycetes 
or, in one or two genera only, Basidiomy- 
cetes On this basis of combination or sym- 
Diosis there has been evolved a great series 
ot distinctive plants, capable of vigorous 
bfe and of reproduction from generation to | 
generation Phycohchens signify those that 
contain blue-green, Archilichens those with ^ 
bnght-green algae designaied as hchen 
goniGia The fungus is the dominant part- 
ner as It provides the fruiting bodies pfs 1 .— cichek hyphae 

Lichen Gonidia. — For long it was ac- and gonidia, associa- 
cepted that the green bodies in the lichen tion or lichen hxphae 
plant were ceils budded oS from the col- sonidia x 
ourless hyphae that gradually acquired bonnieri 

a green colour It was known that minute portions of a lichen 
plant — the soredia — each composed of a few green cells with en- 
tangled colourless filaments were agents of propagation Wallroth 
( 133;;, for that reason, coined for the green cells the term gonidta 
to signify their reproducuve function (fig, 2) In most lichens 
there 1=! a gonidiai zone near the surface and to that he gave the 
name sfratim gonimon In a lesser number the gonidia are dis- 
iributed through the thallus (fig 3) These two types he dis- 
tinguished as lieteromeroits with distinctive layers, and homoimer- 
om where there is no such diversity. 

The belief m the genetic origin of the green cells within the 
thallus held away for many years, though observations of a disturb- 
ing character were not lacking, Agardh (iSar; bad suggested 
that they were transformed algae as he had followed the develop- 
ment of the blue-green alga, iVojfoc, to the complete thallus of 
the iichen, CoUema The meiv gradually gained ground that the 
bright-green gonidia of many lichens were comparable to the 
alga Protpcoccus The explanation given was that these free grow- 
ing algae were hchen gonidia es- 
caped from the thallus that had 
continued independent growth 
Wallroth spoke of them as ‘ un- 
fortunal e brood ceils" that couM 
not again form a lichen plant 
Finally in iSdy Schwendener pub- 
lished Ins bold theory that hchen 
gonidia W'ere true aigae impris- 
oned and parasitized by fungal 
hj'phae The statement was wel- 
comed by many as enh’ghtemng 
and convincing. Others, among 

whom were the renowned Finnish Fig. 2~-thai,i.us with gonidial 
lichenologist, W Nylander and .section of h_eteromer^^^^ 
the British J M Crombie, scorn- 
fully rejected the new’ view The 
theory was, however, successfully tested by cultures of lichen 
spores With free-growing algae— first by Rees (1S71), then by 
Bornet (1873) and others who follow^ed the development from 
spore to fruiting stage, a slow growth of several years’ duration. 

Symbiosis. — ^The relation between the two organisms was re- 
garded at first as a parasitism of the fungus on the alga, or as 
heloti'^m Reinke (1873) pointed out the insuflSciency of a con- 
dition of parasitism to explain the healthy lichen, and be there- 
fore proposed the term consoHium as a truer conception A few 
years later de Bary (i3/3) suggested symlmsis as an adequate 
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term and t is now genera.l} accepted as a nmtiwl symbtasis 
This view has been ccnflrmed by cukure experiments. In general 
the alga supplies carbohydrates by photosyu'T etJis, the fungus 
provides salts and svaler storage Symbiosis in hchens is a Jairlc 
stable life-balance which may tip, however, to the detriment of one 
or other of the organisms' there are instances, perhaps more fre- 
quent than we have supposed, of gonidia perishing in the grip of 
the ftmgi, but there are also cases where awing to some unfavour- 
able condition, the fungus has succumbed while the algae increased 
' enormously There is no doubt as to the normal healthy condition 
of the thallus and of both srinbionts. The interest in hchen go- 
nidia has of kfe centred lu the globose bright-green alga for 
many years considered to be a species of Protococcus, but that 
alga multiplies by cell ditision and is now recognized as the gonid- 
lum of only a few lichens The ordinary lichen gotndium wd& 
found by Paulson and Somemlle Hastings (1920) to have a mas- 
sive parietal chromatophore, and to muluply freely and abun 
dantly in the ihallus by the free cell formation of aplaaospores 
The season of greatest increase was from February to April, or 
after heavy rain foliowmg a season of drought, zoospores w’fre 
not seen in the gonidial state The sporulating gonidia were irmst 
abundant in the actively groining regions, More recently Puyinaly 
(7924.) has proposed a new genas Trebouxta, for the alga •mthout 
and within the lichen thallus. He describes it, however, as possess- 
ing a massive stellate chromatophore In view of Paulson’s ob- 
servatiuns again renewed, it is impossible to regard the gonidium 
chromatophore as of stellate form 
Lichen Algae, — ^Tbe algal constituents of the thallus belong to 
two classes I Myxophyceae (hlue-green algae) and II Chloro- 
phyccae (bright-green algae) They are, in general, aerial forms 
and in a free condition inhabit moist shady situations Though 
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the determination of algal species is somewhat uncertain, the 
genus can be more easily recognized 
I Myxophyceae associated with Phycolichens in CoUemaceae 
and other families The algae of most frequent occurrence are 
Cloeo€apsa, Nostoc, Scytoji^'ma and Siigoncma 
II. Chlorophyceae associated with Archilichens Those of most 
importance are the globose algae belonging to the Protococcaceae 
and Trentepohlm, a filamentous alga 
The alga may become modified in the gonidial state. Gloeocapia 
loses colour, Nostoc chains, and Trentepehha tilamenta may bo 
broken up into cell units. 

Lichen Hyphae.' — These undergo considerable raodiflcation 
as lichen symbionts. The fruiting form indicates their origin as 
asromycetous or basidiomycetous, and their aShuty can be traced 
to ancestral groups of fungi Bonmer (1SS9) in describing their 
development from the spores in synthetic cultures noted three 
I distinct types — (i) clasping filaments with repeated branching 
which surround and secure the alga, (3) filaments with short 
swollen cells destined to form several hchen tissues and (3; 
towards the periphery, searching filaments that form the hypo- 
thallus and annex new algae. In five days after germination the 
clasping hyphae had laid hold of the alga and symbiotic growth 
had begun In the growing regions the hyphae remain compar- 
atively thin-walled In other parts — especially in the cortex, etc 
— the walls frequently become thick and gelatinized. In hciienj 
as m fungi there Is no true cell structure or parenchyma, but ir 
the cortices of many lichens a pseudo-paren-hyma or piectcnch 
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1 growth of tie septate tips o- the 


. -- 5 -^ciea -rowrs oi uie scijui.c 

x’-'t'-t r./t:e':vh>c:'S Jiso ct.^^sfonally appears la otaer parts 

‘ ‘C^h t-lfx a: apart from gor^Gia have been made 

n .-ie-s b’. :^:;der - rsS- ■ -ftiuh Lecotcn sab,usca. 

*- ' F 't-T =r ari by Kiliisa wch XaniAonc par- 

'b V' A-so r- K-i.-r. mc ’Aercer ?itidi the spores oi 

b/ T“ -U rases tpe results 'sere iairly sitcilar' 

r"'"V'"a‘'s y'cr cajsed—m Xaaikom parKttm m 

-‘-ea^h- A sens.- oi tissues -fias iton-ever observed m 
m’’ As: lurure - r , a de-se later cf fikments representing tbe 
" A ,r,: r,e’ c rbs: a iooaer tissue in tne position of the 

’i'Gr' rl I-'-i-i a'sc 0 ^ 'econd dense tissue r^resenteg the 
'If; i- sr’ " bf h arose asr.ai hTObae Tobler turther records 
r. oecar-,., more ncher.oid sthen the gcnidial algs. was 

rnf ib’i :e’*os- acid parietin appeared x the nsiues 
Vt-rrir ‘ rcrr.- htpiiial growth cu various media and found 
r:...close wj£ ire "nose advaofngeoLs lood sup^iy Organic 
r**rr'e"r-,\s aededas peptone and asparagln incrganic as mtrate 
o; i-rrttx-’S Growth «^s slew h-.t the addinon o; gomdia to 
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t.e ctJ ure retarcec i: jet ctc'e so that the algae gamed in | 

MORPHOLOGY ' 

The mm m*ere-t m 'tserphoiogy lies m tracing the e&ect of 
- ' ib^jsis cn deveioprcrit^ The fungus as the dominant partnei | 
p'ro-ittcs "he structure ot the thaJlus but tbe varietv of fonns . 
e. -I'fd *•- flue to the necessity of securing light and air to enable ] 
'he tl£i *<2 carry cn the work of photosynthesis I 

Gaaeral Structure of Ascolichens- — In these there are two i 
R’.'j’i itpi-s ot tiij tus — (x> the stratos^ which ladudes flat 
'■nreioing planrs cm^'tsceous or fohose. in which the upper sur- 
tjcs alurt is ei.cosed ic light and ''a; tbe radicls which in the 
licnen ctmpeiiuon tor sunlight and spate fcas developed upwards 
tram a rooting base to shrub-like branching fronds or penduious 
rd .''"er'ts. 

The simp'cst ttratose pchens ccmsisc of a film cf loose 
hsoAit who scattered gcrudia In further advanced species there 
mere buJty ththus formed of an upper corucal procecliag 
'ace'’ gtceralh oi deuie hypPae ■mth more or less swollen wahs 
arc w,rh tbe iainen cf the cel's almost obliterafed (decomposed 
coi'e-v I eneath. t&e cortex s goniAal zone of massed gomd’a .md 
jij:err_rdtd sleader hyphae, the latter passing downwards to form 
1 Ico.'O ttediilia Prujectmg hair-hke hy'iihae anchor the plant to 
tb: roc; tree or soil Fig 4 The upper suris-ce may be smooth 
tr uneven or stsamed and cracked into small compartments called 
^reusae Xoi infreauent'y the crustaceouv thallus is wholly em- 
redaed in tse substratum as in Grapbidaceae Such lichens on 
are termed inptjphhscdal in contrast to ihe surface or 


the spreading hypothallus— the travehing gro 
forms are attached at irregular mtervsh by 
(2) Radiate iicbens, npngh* fruticose i 
from a rooting base the fronds are exposed 
sides and the structure is alike round the wm 
mx is of several tj'pes -of decom^sed cell 
fastigiate by’pbae or of longitudinal, thick wa 
vai-iations give strength and pliancy to the fre 
eninx structures are ' 
,^,hich extend up the f) 
i lu the gonidial rone 9 
in Umea^ m one stro 
strand of great toug 
: i Growth in radiate hch 

‘ Fronds of i 

I f O/k 2 etc , reach a height of 
dulous lichens often 
\ \ ors' S'’ length of ten 

corded tor Vsfiea lon^ 

! In Cladoftiae, the c 

I double thallus; leaflet^ 

' AsrEP S structure, with upngl 

^ Kx 1. c„£M frequently widening ti 

I Fig s -xouose lichen Th 


^ wsDa « ae Bstr - SirUi,lUic, wicii 

isn 1. c„£M frequently widening ti 

Fjg s -xoljose lichen j. (-gg Xh 
lparmelia caperata 1 jn time but is f 

to the sclerotic fibres that Une the central tub* 
borne on the tips of the podecia, or on the e 
which seems to indicate that the podetium 
stalk There is great variety of form, texlur 
of these mam groups 
Special Lichen Stnictvses—CypUlkie 
mata in lichens, but ample provision is made 
gaseous exchange Definite aeration slructur 
: or pseudO'Cyphellae pierce the thick under-< 
ceae They are small and cup-hke, in cyphelUi 
margin; the base rests on the medulla and t 
small loose ceils Pseudo-cyphellae hek the c 
lichens there occur dot-hke openings , the hue 
I admit air, or the surface is seamed by crack; 

lauons, soredial openings are present in n 
i ?<inndta exaspemta there are true breaching- 
j like outgrowths, open at tne summit 
i CapModin These occur as excrescence 
I Archilichens (wuh bright green gonidia) and 
I green cells, mostly Xosioc or Scytone->na T 
I of various form and size from the minute pu 
1 of Psltigera apkthosa (fig 9) to the corah r 


forius a stain on the bark usually indicating then I green cells alight by chance on the thallus j 
’irescKLe: tie fructifications are formed on the surface. Similarly and the cortical hairs grow out anp gradu- 
rvck hthens are eplitlk or cnlnhthic The latter liv'e in hme - 1 ally form a cortex round them In a few ! 

'■■cue which they penetrate to vanous instances there are groups of biuc-gieen 

de/.hi. Friedrich ’'ipofii noted in an itn- | ^ cells -which are absorbed into the thallus by 
mo’-jed speaes, Biatorell-x simpkx, a siighc j p j the under-surface, and a layer of btue- 

cor.^rai lever. beiOw 'hat a zone of gciadia I i green algae below the normal bright green 

dcc-^oOf* IE ihxkr.e=a ■whletfceiaeUuHary j I | [zone m Solonna c'^ocm, aho lank. as 

V-paae reached n depth of xrrtun An ia- j 1 ' | | cephalodia These alien bodies seem to m- 

itur.ce been recorded of a iichcn pene- i j bicate an ancestral association of the 

tn-tscic to 3om,c. bcloYV tae surface Still xfir* « » hwobook ok amr particular lichen with blue-green gonidia, i- 
hs'thsr in aev'cicpmen- are ihe icuamulose If” ou tac power to combine having persisted 

rhdld od tey IcoSets and *he larger foliose T^casora^^vT with tbe presumably more recent F 

Tig 5 i torms m betb cf wh.ch the thailus p;*, x so" symbiosis with the bnght -green alga c 

j<: raised rrem the suasirjitiim partly or eti- So^sdta As already ludicaied these are ' 

ijrsij and m which the sre-e under-aariuce aho acquires a protecting minute portions (hvphae and gonidia) that 
which gent-TclIy repeats that oi the upper-surface — either of i parent thallus and serve for propagaion of s 
dectsmnoiea cells, oi pfectenthvTaa, or of hvphae parallel with the types are diffuse soredia thatm certain condit 
surfvee (.Sbroas cortex i Stratose ucbens start from a centre, lure cover the surface of the plant Moredef 
Ate c^ssoe a inmated in the goaidiai zone and the greatest soraUa which arise by the upward push of h 

mcnvise is at the pe^hery, the Hcfeea graaualiy Kilarging on all i zone, and emerge as roundish or oblong bodie 
si®s. SB some to a one foot or more in ^ameter. Growth i granules These multiply and. as they beconi 

imbricate and leaf- ’ dispersed Soralia are more or kss iperiScalh 
aa> la f^sjasniiase fersis the "'quaiaulas arise ia succession from ' ske and in thmr pos hrm on the surface or 
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ugh on the surface owrng to small 
noticeable are they that Achanus 
I to include isidiose lichens. They 
gin generally as a small swelling or 
ions of the tissues sad the cortex is 
sometimes they are darker in colour 
Evbrnia furfuracea. 1 

tens. — There are three genera re- 
cai lichens, Co/a, Corelia and Die- 
tyomma The gonidia, Chroacoc- 
cus or Scytoti&'nna are Myzo- 
phyceae Cora and Dtctyonuma 
are of a thin bracket-like form, 
they grow on the trunks and 
branches of tree&. very rarely on 
the ground, and are attached by 
rhizinae No proper corle.? is 
} formed, but in Cora the hyphae 
^ take an upward direction towards 
I the surface where they become 
horizontal, so chac a com pact pro- 
tective tissue lies over the top, 
the gonidia (diraocoeciis) from 
ard hyphae In Corella and Dtetyo- 
les retain their form and are aur- 

I the fungal family Thelephoraceae 
ospores borne on the under-surface 

ODTCTIOIf 

IS fBasidiolichens and primitive in- 
chens, their method of reproduction 
imycetrs, iis, by the production of 
iscophores — ^apothecia or penthecia 
plants these fruit bodies have been 
tive tissues that secure prolonged j 
n this respect from the fugitive | 

lese are of several forms to which | 
n — ardellae, the irregular spot-like I 
e, elongate, sllt-like, dark-coloured I 
he larger majonty of lichens open i 
rroundea by a protective thalloid i 
fig lol , such as occur in the genus | 
Solely of hyphal tissue surrounded ! 
n’' only as in Lecidea are described ; 
nargin is obscure %vith the disk often j 
tonne, as in the sub-genus. Biatom j 
These are true distinctions, and 
are of 'value in the determination 
of genera and species The differ- 
ence is due to their origin m 
the thallus in the lecanorine senes 
gonidia are earned up with the 
developing fruit, and algal cells 
extend along the base and, enter- 
ing into the “thalline margin/' 
surround the apothecium The 
iecidelne tissues, solely hyphal 
ip pass up through the gonidiaUone, 
pierce the cortex and expand 
above it, the outer sterile hyphae 
per margin,” Minor differences in 
fpes of apothecia— -sessile or stalked, 
te body to one of over three centi- 
to the genus or species of lichen 
ised of a compact senes of filaraen- 
ed paraphyses and of asci — club-like 
spores (fewer or more numerous) 
formation These, constituting the 
a layer of tissue, the hypothecium, 
projecting above the asci form the 


3 


epitiecium generally coloured the surrounding sterile filaments 
represent the paratheciura: the Ihalline margin when present 
forms the amphitheciuxn 

Perithecia — ^These differ from the apothecia in being com- 
paratively small globose or pear-shaped, closed bodies immersed 
or semi-immersed in the thallus and opening above by a pore, 
the ostiole. When the outer dark wall is continuous it is described 

J— — , — as entire, and when absent at the 

base as dimidiate. In some gen- 

A erd the paraphyses dissolve as the 

asci mature. 

Apothecia and pentbeua arc 
long hved like the ihailus and 
may produce spores continuously 
or at definite seasons for several 
years, in Solonw saccafa, for in- 
stance over a period of two to 

auuuDouu i 

Spermogoiiia oi Prentdia* 

FROM B'BfKOP*’, ‘■90 DgS — ^T]j£S& SHl^U ClOSCJ bodl^S 

omwardly resembhng penthecia; 
lAcABEMT OF SCIENCE, B s s s ) tho hyphac that hue the mterio'" 

Fia s, — cEFHALODiUM OF PELT!- vvalls bud off minute pycnidio- 

;Zinln A? .^rmogomo_ they 

were consiaeied of great impor- 
tance as the male organs that produce the spermatia There is 
no reliable evidence o 4 tbeir «exual nature and they arc now gen- 
erally classified as pycnidia resembling similar bodies that form a 
secondary stage m the fruit cycle of the Ascoroycetes It has been 
proved that the spermatia germinate and produce hyphae a char- 
acteristic of spores 

Cytology. — This aspect of reproduction has e.xcited great 
interest since Puistmg (1866") obsen'ed in a cruscaceous Lecidea 
the fruit primordium or ascogonium as a roiled hypha Stahl 
(tS;?") announced the further discovery in a Calletha of a 
trichogyne, a filamen: that travelled upwards from the asco- 
gonium and emerged above the surface He noted also an empty 
spermatium (pycnidiospore) adhering to the tip of the trichogyne 
after presumed fertilization Other ■workers made sinuiar ob- 
servations both in gelatinous and m non-gelatinous lichens, and 
in open and dosed fruits Copuhtxon with the sptrmatium has 
also been demonstrated but the behaviour of the speimatial nu- 
cleus has escaped observation The ascogonium may be a coiled 
faypha or simply a complex of cells distinguished by tbeir richer 
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contents and changes in these cells have been observed that seem 
to imply spermapal iertilization It may be that in sonie lichen; 
fusion takes place between neighbouring cells in the ascogonium 
F Bachmann (1912I found that copulation took place deep dowr 
in the thallus of Collema sp between an internal trichogyne anc 
3 free spermatia! ceil Apogamy, however, undoubtedly prevail* 
in many lichens, either no trichogynes are formed or they fai 
to reach the suriace and fertilization by spermatia is. doubtful 
Zahlbruckner (1924) has expressed the opinion that rcproductioi 
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^ 1 * . 0 . 32 :ns 3 s mowing- 

ri" -■ S.3 ;;c; pert evcies o: ir.rerpretauon - me tunc- 

“ r= ^ihtre ’i-ogiTs, j. rr'ji:;spemte hjpha of 'ngoious 
■ 1 ~ zr zn^sti'ZDZ 2JZ :: may i?e di some isnice to the 
ajc''gMT_T Frtji: the ascoscrimra arue Ihe Lypbse 


'-e=Lr.ca :o forr-i me isc. Ae m fex^gi die nuclei of two 
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AFQTHEC3UM a£C’D£4 PASASEHAJ 
(AFTES B HAhDBOOlC OF BStT- 
!SF tiCHEMS) 


-1.. tcey p.cer ir sue frora a lew 
r'lrrGt: et^ , to 

he irrre one-aept^te epors t Fma’^T-nc i'asoXnfi') Largs 
s-rp s ?^r&5 ns in are maltmucleate Spore ejec- 

:<on -j r.rocgh!; abnur oy pressure of the paraphsses when 
ToisteneJ 

PHTSIOIOSy A?ro bionomics 

CeJs and Cell-contents — In the sUdy oi lichen physiologj' 
j tct tioii must ce g-i'sn to the actinities of the symbionts as well 
.* '0 ^hoac oi ^re aymbioiic plant. Gonidid do not greatie piher 
•■roci the alLcu aisae growing in the opea they possess chloro- 
L",;’!' ^-•-h by photosj ntbesis IMameh (1920; and 

lot er cciuor-strated minate granjles of starch on the 

F'.ue 1^: zee gosidia — a ready 1000 for the fungus The hyphal 
.e.b ha.e been cure aitecied &> sj-mbiosis and 4 mum slower 
srr.win t.Tn in rungt h,.s oetoms a lived character as proved by 
arunciij cultures The ced-walls as in lungal tissue.', are formed 
0: aeit'.-L'iJmerfd ctann Oemg present m nearly aU lichens. Tnere 
^ ^’'JOFUnce, hchenin (C^,oOO. allied to 
If. fcus b«cn demenstrated as well as a slightly diiferent sub- 
sfa-.£v> isuhcnema, the latter premd by Ziegenspeck (1924^1 to be 
a rescue materim .Amy.o.a hjphae giving a blue reaction with 
^ tnedulla of several spedes. Swollen cells 
i - ®-*-">-ecor> substance occur in many 

- Oaalic acid is ako fre 

V . ^ of crystal?, small gran- 

” dear masses as in Parit/sana commums 

Lich^ Ae3ds.~The5c are the most mteresting and cbsracter- 
tL ' They are deposited on the outside of the 

H Ifeprocuct of the symb.otic ulanLs f 

\5 f ^ la ins cultures of hchen tissues ' 

r or red, and giv-ftiTar 

■ndoLced klflh' V are strongly 

.moacea bj ,igh .Icut/tom panehm, a brilLmni vehow nidDi 

titi»d F acids are rare, others are widely distiA- 

t f..jVr,u ^ ™ Lu-mofs atrs m about 70 snecies 

.f =b« 

thm^k uH eWd f!w the vS^Sche/»?'' 
tticro-fi&irti®- jenowr licaen Rhizacarpm 

wrees >-Kh two subsenes-erceine and anihra- 


s. T!i£ berisoie 


ine der mt e The oJotir ess orce ne contems .he colounnj 
principle of coniinerciaJ orcPil Jn the anthracine denratives sonif 
j ot the acids are also coloured, such as panetm from Xanthonc 
pamnna and solormic acid from Poloma crocea 
The questtoE has been debated as to the sermce rendered by the 
, acids- to so.me extent they protect the plants troni wholesale 
I desTuction by anails, insects, etc , as they render the ijidllus raoit 
or less unpamtabie Goebel (19:7) has demonstrated that they 
I are also a protection against water-logging Ho found that ouf 
' growths oi hypbal hairs, cilia, etc , formed efticioat watet coiiom. 
co-rs, but It acids were abundant they remained dry when the 
acids were removed by chemical means .saturation was easilv 
achieved As acids are present on ail aeiated portions, they must 
be a powerful aid in keeping the air-channels ope.n and thus serve 
3 useiul purpose 

Geuefal Nutrition. — 'SVsies: is supplied by rain mist or dew, 
mist being the most favourable for Iichea requirement? (Stocker 
rgrr) Dew is important in extremely dry iovalities such as des- 
erts. Inorganic suPstances are obtained to some extent from the 
substratum bu? mainly from air boiue particles Organic food i.- 
provided by ihe algae or mdy be procmed by the hyphae from 
humus, etc 

Lichens show marvedous resistance as rcg,irds hcii! ot coiJ 
They survAe Che high temperatures ol direct iiluminaiinu and 
they endure reasons of extreme cold on moanbins 01 m ihe polar 
zone It IS to their pow'er of drjung up to a condition of 1 itent 
vncaiity that they owe this resistance Light that can pend rate the 
thickened cortex and reach the gomdu! zone is essential, but ihe 
same dense cortex prolecus the gonidia from too intense sunlight 
ds no tne acids and pigmenrs Light is of fust importnm i m fimt 
formation and the fruit bodies are therefore situated on well 
hghted portions of the thalius 

Colour of Lichens.— Soft grey colours predominate, the thick 
vortex and the underlying gonidia (.ombinmg to produce this efloct 
When wetted the cortex becomes transparent and the green colour 
IS more evment Acids and pjzmems, the Jatier usually some shade 
T -v vanous colours from ydJow to bruwn or nlmost 

olav.k Strong sunJ-ght induces the formation ot both acids and 

NxUv, Violet or reu colours occur mure rarely and g( uomlly tn con- 
nection with the fruiting bodies Some lichen.? Lome Z-Z 
^red by infaltration from an iron sod Ii is onJy when we cura- 
te quarrying (hat 

colommL of lichen 

Bionomics—The response of lichens to their environmenl 1? 
mmnately associated with their physiological properties Their 

SXd as SSLu development tho^th a few'mjy bu 
ramecl as relatively quick growers— mostly soil lichen? in um, h 

Such are Pcihgera cantm that spreads over damp 
lawns, etc , and crustaceous forms such as BaZmZZZSZ 
era tartarm, and Leadea uh^moso; the latter has been kTOv™ n 

wntpS r;:* 't " 

ctunes m Alberti Bu m m?niTL 

ureroeijts of more active L ^ 

increase of kL per aLf; ! ^ ^ 

general four to eighf years to dLelop' “ 

requh-e^Tor^Sc^fcf 

be ftrm]y attached hv fiia ^ ^ to which they con 

hraSg aTsti form?? “ 

i^pfera,w}nThforr?aTrid2!^LrL secured by 

the same hchen ^0 otSf 

air So™ Sir Wte lS™. TL ^ Aottoml hut lifU ood 
Ikry drift about S oto* S Jr? 
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PHYLOGENY AND CLASSIFICATION 

Phylogeny. — It would be interesting to ioiow when the sym- 
biotic plant originated and whether the first association of the 
fungus was with Myxophyceae or Chlorophycea e, but lichens, 
owing 10 the gelatinous nature of the thallus, become soft in water [ 
and there is little or no evidence in the rocks as to their antiquity | 
there is only a doubtful record of an Opegrapha m Mesozoic chalk ! 
It IS concluded from their elaborate morphology and physiolo^' j 
that they are very old plants, but the symbiotic orgamsm — the ] 
hchen — is obviously of more recent descent than its component | 
ancestors Both symbionts are polyphjdetic m origin the algae ' 
are blue-green or bright green, the hyphae belong to various phyla \ 
of the fungi from which they are late derivatives Basidiohchens 
are related to one fungus family, Telephoraceae, Ascolichens to 
Ascomycetes and to several distinct phyla within that class There 
is no haphazard agglomeration of forms in the lichen group, but 
a closely related and easily recognized senes of plant phyla The 
ascophore, which marks the phylum has undergone considerable 
alteration which is recognized in classification Phylogenetic de- j 
velopment has, however, mainly taken place in the thallus which | 
presumably began as a loose association of straggling hyphae with j 
algal cells It progressed to the definite crustaceous structure, and 
finally to the foliose and fruticose lichen The greatest advance 
must have occurred when the thalline particle took an upward 
direction — a small outgrowth that was to develop into numerous 
forms 

The intimate relation between lichens and fungi is evident in 
the species that have remained on the border line Some with 
scanty thallus appear to lose the algal symbiont as the ascophore 
matures, and the hyphae apparently revert to saprophytism as 
exemplified, for instance, m Cahcmm, a hchen genus, with Myco- 
cahciunif the fungal counterpart Others classified now as lichens 
and now as fungi live on an alien lichen thallus though not 
always as simple parasites, in a number of cases their hyphae 
penetrate the thallus and draw sustenance by symbiosis with the 
algal cells these have been designated half-parasites Lichen 
thalli are, however a favourite host for many micro-fungi. 

The mam divisions of Ascolichens are traced to their fungal 
ancestors by the form of the ascophore ; — 

Lichen Series I Pyrenocarpineae ) pyrenomycetes 
11 Coniocarpineae ^ 

III Graphidmeac to Hysteriaceae 

IV Cyclocarpineae to Discomycetes 

Within these senes is represented a number of phyla with 
an orderly progression of thalline structure Both types of gonidia 
are sometimes represented in the same phylum and even in the 
same family e g , Stictaceae. 

The leading phyla of the different series are — 

I Pyren'ocvepineae In this are included phyla of Phyco- 
lichens and Archilichens In the former crustaceous only, in the 
latter advancing from the crustaceous Verrucanaceae to the 
squamose or lobed Dermatocarpaceae a large and varied series 

II CoKiocARPiNEAi; An isolated group characterized by the 
mazaedium type of ascophore — ^half closed and filled with loose 
spores at maturity — mostly crustaceous with a few rare squarau- 
lose genera, and a world-wide fruticose genus, Spkaerophorus 

III Geaphidi^eae a large series with Trentepohlia as gonid- 
lum The progression is from crustaceous forms to the fruticose 
Rocellae 

IV Cyclocjirpineae With phyla both of Phycolichens and 
Archihchens There is a somewhat limited type of thallus in the 
Phycohchens, the foliose structure is not however uncommon and 
reaches high development m StKta and in Peltigera, fruticose 
structure is rare 

In the Archihchens there are three great phyla — 

I Lecideales These are distinguished by the discoid fruit 
with proper margin only, and include many crustaceous genera, 
foliose Gyrophoraceae and the almost fruticose Cladomaceae 

II Lecanoeales. Fruit with a thallme margin the most 
numerous and most highly developed phylum, from the lowest to 
the highest doveloptncnt uot only m form and SLie but m the 


I > 

special thalhne structure (See section Morphology," p 30) 

III PoLARiLocuLAEES A phylum including all types of strut 
ture but with a distmcnve and characteristic spore — ellipsoid and 
mostly one-septate, with the median septum becoming so thick 
that the spore loculi are often relegated to minute spaces at the 
tips, hence the name polarilocular. A dehcate canal passes through 
the thickened septum and forms a connection between the polar 
cells 

Classification — Basidiohchens are tew in number and now 
present no problems It is mainly with Ascolichens that w'orker-, 
have been concerned Before the true nature of lichen plants 
was understood, many attempts had been made to classify them 
in relation to each other and to other members of the plant king- 
dom — to mosses, hepatics or algae Tournefort (1700) placed 
them all in one genus Ltcken, and was followed by Linnaeus 
(1753) Knowledge of their number and variety increased and 
Achanus (1303) gave diagnoses of 23 genera with their included 
species Nylander (1854) issued what he considered a final state 
ment on lichen families and genera and of their relationships His 
arrangement began with those nearest akin to algae, gelatinous 
blue-green forms, and wound up with those he considered to be 
most like fungi — the Pyrenocarpineae Later students have 
worked on this basis and now a system of classification has been 
achieved that largely satisfies modern views The arrangement 
of lichens in a natural order has presented great difficulties it 
IS by following the lines of development as outhned above that a 
way through the maze of forms — like and unlike — has been 
reached The four senes of .Ascolichens, for instance, are marked 
by fruiting characters These are subdivided into families (’5^ 
in number) largely on the structure of the thallus The genera 
in these families are distinguished by minor difierences of thalline 
though mainly of fruiting characters 

DISTRIBUTION AND ECOLOGY 

Distribution — Lichens are widely distributed members of 
nearly all the difterent families are to be found m every quarter 
of the globe Winds or other agencies carry the spores of thalhne 
particles immense distances, and these grow to full stature when 
they alight on a favourable substratum It is impossible at the 
present stage of faulty co-ordmation of knowledge to reckon their 
numbers, but many thousands have been recorded, and new fam- 
ilies, genera and species are constantly being discovered Some 
hchens flourish best in temperate zones, others in tropical regions, 
a few are restricted to polar areas, the Same species appearing 
both in the Arctic and Antarctic They grow best where they can 
secure hght they are abundant on the tundra or on rocks and 
walls with a sunny exposure, but a few are shade-plants and grow 
even in caves Some can withstand the heat and scanty rainfall 
of the desert and others advance to the limits of perpetual snow 
A fairly large number are cosmopolitan, a lesser number are en 
demic in larger or smaller areas 

Ecology. — Though self-supporting, lichens exhibit a consider- 
able choice of habitat and form more or less constant associations 
of hchens only or with other plants They are the pioneers of 
vegetation and soil-formation By their dehcate filaments they 
dong to the rock surfaces which they gradually penetrate and dis- 
integrate By mechanical action due to alternate wettmg and 
drymg of the gelatinous hjphae a sucker-like detachment of mi- 
nute rock particles is constantly taking place (Fry 1924, 1926), 
by chemical action the acids discharged by the hyphae ( carbonic 
oxalic or lichen acids) dissolve the hardest rocks and even old 
wmdow glass The detached particles and the humus of cast-off 
portions of the thallus, together with blown dust, form a nidus 
for other vegetation — ^mosses and flowering plants — and mixed 
associations arise The chief ecological factors are the types of 
substratum the associations or communities are therefore natu- 
rally divided into. — i, arboreal and Iignicolous, 2, terricolous, 3, 
saxicoious and 4, localised communities such as maritime lichens 
Within these great groups there are minor associations influenced 
by the kind of bark the nature of the soil (sand, clay or humus) 
the character of the rock (siliceous or calcareous) and also by 
oodrtions of temperature moisture and A very dis 
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it coKtantly 
p,;cf-i frei^uemed 05' birds and 


lj=i 


rear :o rjrr:--}«rJs or an rcad-^icos ivbere 
rr'^e' vr,n n.^’-ageccjs .o3ma. matier As in other 
.tTnrranes .bare is a straggie for place and light Crus- 
;e:.ei .re In-si-t or.: oiisftd b\ those of 'hirker or 
;i '.no! .5 cr re rss irrser folioss specjes Some nus- 

r a.} li t.r:e cie:G;ie=s them all aac colomaaiicn begins 
Atr.ih lL‘ L ’'cr.i s. arundint a the tropics also foiri dis- 
Lr.eree I-then: are rare or absent in the neighDour- 

h ji. i ( f - rec* vO" 0^ or ’ndr'tr.ii areas ainng to the itnpure and 

I..-- a* eti -Se-ra 

ECOl^OMIC AIJD TECSSICAL 

LzrL-n c-i.e”'; a net nciirponart place in the economic j 
;A;j 1 ;.-ei .r j - iiur siiud luscets raterpiLars and siugs feed 
rr tr-m =-pe. ’Aea thej are r.ciiC end the acids not too I 

■^r >ajL.r.ced P.T'fl h^s seated that they are tne staple Jood of j 
*he 'enr-Lcs in Ceylon Aobe Htie ctasicered that tne j 
a-.tJar-Cfr _rc perfect deteloymerc o: lichens in the Amarciic 1 
”,ai Cue to the abscr.i.£ of ri;e-:i Lte In northern latitudes se^c 
eroi Lrcs tor eiuitple aipesti-h are or great serace as 

pru! tnaer 'or domesti" animals. C^aiioiua rnn^ife, nia, the rem- 
oesr .moss is na sttecia! ft.cd of the reindeer In times of scarcity | 
t hit iner. lojnc ad'anrageotis to grind up lichen thalh after j 
s’lumaL; c ct r^ids ar.a to Gi's: the poiider with meat for htiman 
cin'.jTiT.’ir, if'Vj'iOM a rock hchen and often erratic I 

li aru-ndar:: vn eastern deserts and has been similarly used it 
has been ccrsidered fhac that in-hcii v,as the manna of the Israel* 
res Fp'eties 0: I diC'.Lc’nj, acd Gyro f horn ended tnpe de rocht j 
Euve se.-f' j'ed oy Arctic e'cplomrs to stay the pangs of hunger ' 
Gy'.'ph >'0 i:cii.e.dc an eastern maritime rock lichen is greatly j 
et'oemec as an edible plan: both 'u Japan and .u China J 

rheir tame h meicine rested in Che past on a somewhat 
tir.ciiul basic — 1..2: ot the doctrine of signatures” certain char- j 
. v.teriiiics of form py their resemblance to organs of the body. I 
'Jew carsidered to indicate curative properties Some very bitter I 
5..«Cics such as Fertiisam ragi/iea served as a substitute for; 
q^irine Litrark, isfci.dico, *fce ‘Iceland AIoss.” owing partly to 
Us eemtitviLiS L.ons!stency has been used with good effect in chest 
CTOcic'es, and is now the ou-y lichen recogn!a;ed in the British 
hhjr’f’acopcia 

Their use as j> e-plants has been known from the earliest times, 
.md herore toe d'seovery of aniline dyes the rich and vaned col- 
ours omaineJ from henens were highiy valued. The colouring 
pnrcicie of the dyoa is co.ntaiae£i m the peculiar lichen-aads. I 
TrcE.me-t w:tn an alkau is generally necessary to extract the j 
vL'*cjr, rrior.ancs are irequentiy used With some lichens boiling ! 
ir.c Dlnms^ftith rie material to be dyed is sufficient to secure the ! 
ccMrtd colour The dves run be used ouiy on annual fibres such | 
as woci and ailk. they have r.o effect on linen or cotton Purple 
Lctea d-es— orch:; iirnius or cudbear— are obtained from Roc- 
Cflu tmeUma, a t^awhns lichen, Lemiora tertarea, sad a few 
Ghers Otner serviceable rclours are the vaned yellows and 
oro’ins so much 'used 111 home or vffilage industries But abunaant I 
mouich a\i hi.a<*us ere, they cau only furnish a limited quantity ■ 
uno could never meet any large demand 
hi.i.rijcavpaY — j.;chei!B are dneassed lu genetei fei,t-boofcs, esne- 
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de Ffanct, 2 fasc (Pans, iSyl-rgoj) , A. Loriam Smith Momgr 
B'lt, LicUbns (London, ii}jS~gb) . P Siaow, TkrkU’K DiLt^tklandi 
(Berlin, iSSj); A Zahihruckner LicAcnes. B Spezitilhr 2e?l 

(A L. Sm ) 

LICHFIEIP, a city, county of a city, and mumcipul borough 
iTi Staffordshire, England, 1 18 m NW from London Pop (rqn) 
£ 303 Tae town is situated on a stream draining eastwan,! to the 
Trent, with low hills to the east and south 

There is a tradition that “Christianfield” near Lichfield was 
the bite of tae martyrdom of 1,000 Christians during the pcriccu- 
: tions of ilaximian about 236 At Wall. 3 m distant, there was 
d Roniano-Bntish vilkge of Letocetum (“grey wood'), from 
which the first hah of the name Lichfield is derived The first 
authentic notice of Lichfield occurs in Bede’s history', where it 
is tnentioaed as (he place where St Clud fixed the episcopal see 
of the Mercians After the foundation of the sec by St Chad in 
66g, It was raised m 7S6 by Pope Adrian to an archbishopric, bat 
m S03 the pnmacy was restored to Canterbury In 1075 the see 
of Lichfield was removed to Chester, and thence a few yotis 
later to Coventry, but it was restored in ir4S At the time of 
the Domesday Survey Lichfield was held Dy the bi.shop of nie.iipr 
The lordship and manor of the town, were held by the Iiishop until 
tue reign of Edward AT., when they were leased io the coipcrn- 
tion Richard II gave a charter (rySf) for the foundaiion of Lhe 
gud of St Mary and St John the Baptist, this gild obtnneil che 
whole local government, which it e.vercised until its dissolution 
by Edward AT, who incorporated the town (is+S) Xhe only 
easting fair is a smpll pleasure fair of ancient origin held on A'^h- 
Wednesday, the annual f^te on Wlnt-Monclay cLiims to date 
from the rime of Alfred In the Civil Wais Lichfield was divided 
The cathedral authorities were for the king, but tin. townsfolk 
sided with the piriiament, and this led to (he forlification ol the 
close in 1643 The close yielded to the parhament ,uvd was re- 
taken by Prince Rupert, but on the breakdown ol the king’s 
cause m 1646 it again surrendered 
The cathedral is small, and stands near the Muivter Pool The 
present building dates from the rsth and eatly r4tJi centuucs The 
fine extenor of the cathedral has a lofty central and two lesser 
western spires, of which the central, 252 ft high, is a restov luou 
attributed to Sir Christopher Wren after its destruction during 
ttie Civil A\Trs The west trout is composed of three st,igos of 
ornate arcading AVithin, the south transept shows simple Early 
English work, the north transept and chaptei house more onrate 
work of a later period in that style, the nave, with its geometrical 
ornament, marks the transition to Decorated, while the Lady 
chapel IS Decorated The west front falls in date between the 
nave and the Lady chapel Here is the “Sleeping Children;’ a 
masterpiece by Chantrey (xSi/). Among numerous monuments 
ate memorials to Samuel Johnson, a native of Dchfield, ond to 
David Garrick. who_ spent his early Me and was educated here and 
a monument to Alajor Hodson, who fell in Lhe Indian m’atiny and 
whose father was canon of Lichfield 
The bishop’s palace (1687) 15 adjacent to the cathedrvt!. The 
diocese covers the greater part of Staftordshire and ohoiit halt 
fte parishes m Shropshire, with small parts of Cheshire and 
Derbyshire The church of St Chad is ancient though extensively 
restored There are many half-timbered and other old house.v, 
among which is that in which Johnson was bom Brewing is the 
prmapal industry, but there is some metal-working, and in the 
neighbourhood are large market gardens. 

LICH-GATE or Lvch-Gate, the roofed-in gateway to 
churchyards (OE. he, “a body, a corpse”, ef Get U%cU) Lich- 
gates emsted in England thirteen centuries ago, but comparatively 
tew early ones survive, as they 'were almost always of wood One 
at Bray, Berkshire, is dated 144.3 Here the clergy meet the corpse 
some por ion of the service is read The gateway served to 
some hdi-gates there stood large ilat 

The most 

^ch-gate IS a simple shed composed of a roof 

TroVbeck West^ ^ cross, while at 

three hch-gates to one churcb- 
vard Some eDhorate gaiea have diamberB over them. 



LICHNOWSKY LICTORS 


LICHNOWSKY, KARL MAX, Pki ce < 860 T92S^ 

German d p omat st was, born a Kreuaeaart Upper SJesia, on 
Var h 3 loSo the son of the 6tli Prince Lichnowaky and of 
Princess Mane de Cruy He entered the German. Foreign Office 
in 18S4, and served in various legations until 1SS9, employing his 
vacations in travel m America and the Far East in order to study 
political and economic conditions outside Europe In 18S9 
Billow, who reposed rorapleie confidenre in him, recalled him to 
the Foreign Office, where he had charge of the personnel He re- 
tired in 1904 to give attention to his estates, but was recalled to 
the service in iqiz to become ambassador m London During his 
stay in London he worked hard for pacific relations between Eng- 
land and Germany; and the colonial agreement tvhich was ready 
for aignature in 1914 was largely his tvork 'When the Serbian 
crisis arose in the summer of that year lichnowsky urgently 
recommended the acceptance in Berlin ot Sir E Grey’s media- 
tion proposals. He bad repeatedly wamed Berlin of the dangers 
underlying the Anglo-German rivalnes. but be bad ceased to 
possess the complete confidence of his government, and bis warn- 
ings were neglected. At the supreme crisis he was not in pos- 
session of all the facts On the outbreak of war he returned to 
Berlin a broken man, and round that in some quarters be was 
held guilty of not having done his utmost to prevent Bntish in- 
tervention He wrute an apologia Metm Londoner Mtsston, of 
bis conduct of aSairs in London for private circulation, which 
fell into the hands of GermaD pacifists who printed it in 191S 
He was then excluded from the Prussian Upper House, and found 
refuge in Switzerknd Alter the Revolution be returned to Ger- 
many, and in 1027 wrote Auf dim Wege zum Abpimd (Eng 
trans rgsS), deahng with the origins of the World War He died 
at his estate of Kuchelna on Feb j?, 192S 
LICHTENBERG, GEORG CHRISTOPH (i742’-i799‘> 
German satirical writer and physicist, wis born at Oberramstadi, 
near Darmstadt, on July i, i';43 In 1763 he entered Gottingen 
university, where in 1769 he became extraordinary professor of 
physics, and six years kter ordinary professor This post he held 
till bis death on Feb 24, 1799 As a physici'^t he is best known for 
bis investigations in electricity, more espeuallv as to the so-called 
Lichtenberg figures 

As a satirist and humorist Lichtenberg takes high rank among 
the German writers of the iStb century' His biting ivit involved 
him in many controversies with well-known contemporanes, such 
as Lavater. whose science of physiognomy he nd.culed, and 
Voss, whose views on Greek pronunciation called forth a powerful 
satire, l/der die Pronunciation der Sekopte des alien Gnecken- 
landes (1782) In 1769 and again in 1774 resided for some 
time m England and his Briefs aus England (1776-78), with ad- 
mirable descriptions of Garrick's acting are the most attractive 
of his writings He comnnuted to the Gothnger Tasckenkalender 
from 177S onw'ards, and to the Go*iin^sches Magazin der Liter- 
atiir and Wissen$ckaft, which be edited for three years (1780-82) 
with J G. A Forster He also published in 1794-99 an Ausjuhr- 
hche Br'kldrung der Eogarthschen Kupfer^itche 

Lichtenberg’s Vcftnisckte Scknjten were published by F Kites m 
g vols (iSoo-o^, nevi editions m 8 vols , 1844-46 and 1S67) Selec- 
tions by £ Gnsebach, Lic/ifenberfs Gedan-km md Maxemm (iSiil , 
by F Robertag an Kurschner's Deutsche Natvjna}ktera*ur ivol 141, 
1SS6) . and by A Wilnrandt (1893) Lichtenbeig’s Bnefe have been 
rmbhsbed in 3 vols by C Schiiddesopf and A Leitscuann (rgoo-02) ; 
his Aphonsmen by A LeAzmajm (3 vols, 1902-06) See also R, M 
Meyer, Sweft und Lichtenberg (i&S&) , F Lauchert, Lichienbergs 
schiiftsteUerisekt Tatigkeit (1S93) , and A Leitzmann, Aus Lichtcn- 
bsrgs Nachlass (iSgo) 

LICHTENBERG, formerly a small German principabty on 
the Rhine, enclosed by the Nahe, Blies and Gian, now belonging 
to the district of Trier, Prussian Rhine proimce. The principality 
includes parts of the electorate of Trier and Nassau-Saarbrutken 
Originally called the lordship of Baumholder, it owed the name 
of Lichtenberg and its elevation in iSig to a principality to 
Ernest, duke of Saxe-Coburg, to whom it W'as ceded by Prussia, 
m i8t6 The duke restored it to Prussia in 1834, return for an 
annual pension. The area is about 210 sq.ni 

LICINIANUS, GRANItTS, Roman annalist, probably lived 
in the age ot the Antonines (2nd century ad). He was the author 


of a br ef ep on e ot Roman biStory based upon Livy. Accounts 
of omens and portents apparently took, up a considerabie poruon 
of the work Some fragments of the books relating to the years 
163-173 sc are preserved in a British Museum ms 

Ediduos by C, A Perte (1S57) seven Bonn students rig^s) , 
M Pieroisch (igoj.) ; set; also J K, Madrug, KUine pkAohoucke 
Schnjtrn (’187s), and the hst of articles in periodicals m Flemiachs 
edition (p IV ) . 

LiCINniS (Flavius Galesius VAirRif's Liciniavtis), 
Roman emperor, .ad 307-324 of Illyrian peasant oiigin, was 
born probably about 250 After the death of Flavius Valerius 
Severus he was elevated to the rank of Augustus by Galerius, hts 
former friend and companion in arms, on Nov ii, 307, receiting 
as his immediate command the provinces of Illyricum On the 
death or Galerms, in May 311, he shared the entire empire mth 
Matmiinus, the Hellespont and the Thracian Bosporus being the 
dividing line In March 3 1 3 he married Constantia, half-sister of 
Constantine, at Mediolanum (Milan), m the following month 
inflicted a dedsive defeat on Maximmus at Heraclea Pontica, 
and established himself master of the East while his btothar-in- 
law, Constantine, was supreme in the West. In 314 his jealousy 
led him to encourage a treasonable enteiprise on the part of 
Bassianuf. against Constantine. When his perfidy became known 
a mil war ensued, in which he was twice severely defeated — first 
near Cibalae m Pannonia (Oct 8, 314). and next in the plain of 
Mardia in Thrace, the outward reconciHabon, which was ettected 
in the following December, left Liemius in pesses-sion of Thrace, 
Asia Minor. Syria and Egypt, but added numerous provinces to 
the Western empire In 323 Constantine ogam declared wir 
against him, and, having defeated his army at Adnanople, suc- 
ceeded in shutting him up wthin. the wails of Byzantium The 
defeat of the superior fleet of Licinius by Flavius Tuliu* Cnspus, 
Constantine’s eldest son, compelled hu withdrawal to Bithynia, 
where a last stand was made; the battle of Chtysopolis, near 
Chahedon, finally resulted in his submission He was interned at 
Thessaloruca and executed in the following year on a charge of 
treasonable correspondence with the barbarians 

See Zostmus n. 7~sS, Zonaras xin x , Victor, Caes, 40, 41 , Eutropius 
t. 3 , Orosms vn, 23 

LICINIUS CALVUS STOLO, GAIUS: see RoivIe, FTw- 
fory; and Patmclans, 

LICINIUS MACER CALVUS, GAIUS (62-A7 bc), 
Roman poet and orator, the 'soa of the annaust Licimas Macer. 
As a poet he followed bis fnend Catullus m sty le and choice of 
subjects As an orator he was the leader of the opponents of 
the flond Asiatic school, who took the simplest Attic orators as 
thar model and attacked even Cicero as wordy and artificial. 
CalvTis held a correspondence on questions connected with rhetoric, 
perhaps (if the reading he correct) the cosmientam alluded to 
by Tacitus {Dklogus, 23, cf also Cicero, Ad Fam xv 21). 
Twentv-one speeches by' him are mentioned, amongst w'hich the 
most famous were those delivered against Publius Vatinius 
Calvns was very short of stature, and is alluded to by Catullus 
(Ode 53) as Salaputwm diserhim (eloquent Lilliputian) 

For Cicero’s opinion see Brutus, 83, QuintSian s i, 113, Tacitus, 
Diaiogus, iS 21 , the monograph by F. Pleasis tParia, iSg6) contains 
a collection of the fragments (verse and prose) 

LICTORS [Lat. Uctoresl, m Roman antiquities, a class of 
the attendants (apparitores) upon certain Roman and provincial 
magistrates As an institution they went back to the regal period 
and continued to exist till imperial times. The majority of the 
aty lictors were freedmen, they formed a corporation divided 
into decuries, from which the lictors of the magistrates in office 
were drawn, provincial officials had the nomination of their ora. 
In Rome they wore the toga , on a campaign and at the celebra- 
tion of a triumph, the red military cloak (sagtdum), at funerals, 
black As representatives of magistrates who possessed the if»- 
penum, they tarried the fasces {see Fasces) They were exempt 
from milixary service, received a fixed salary, theoretically they 
were nominated for a year, but really for life They were the 
constant attendants of the magistrate to whom they were st 
tached They cleared a passage for him {summorgre') throng 



j6 


LIDCOMBi- LIE 


I- taw dia: ne was received 'With the marks of 

’‘c-'-'-jr: due t" Xi rank Ttey stooc sy hzm when he took his 
SQ :noma': mountec guard before bs house, against 

0 jf ?m.h they atooc the fasces, summoned oSenders 
tJcri mm sczzx ocund anc scourged them and (in early 
imci mrnsd c-t the death sentence DirecUy a magistrate 
e’^-tred in amcd Irdeoendert s'c-te he was obliged to dispense 
m.h ms httcm E„vn or the ccasuis bad ri Lctors, the dictator, 
’-rjjresenting so’h consms, oi the emperors la, until the time 
A Douiitmo, wio hiu 14 The Fmmen Dialis, and each of the 
,t=t4-s ni.re tisi atcocr-pinied by iictors These lictors were 
supuiteU trom toe iictores cunatu, 30 in number, whose 
mo, , jb vire j'j-tiilly religmus, one of them being m attend- 
* ILL' un uh',. pon itY’; manmus They originally summoned the 
„rt. .1 C'jrm't, aud r\hen its meetings became merely a for- 
n a . , c„tet: a= ‘ice represeniatit es of that assembly 

— For tee isiUest account of the lictors, see Mommsen, 
£ Sluaij/c'n', . ;55, 574 (jrd ed, iSS;], cf J E Sandys, 

tj £ j,;b Stud's^ ( 15 : 1 ) 

LJDCOMBE: see SvDxrc t^’ew South Wales, Austraka) 
LIDDELL, HEJfRY GEOKGE (1811-189S), Enghsh 

‘■L'^oxr ucd d^viiic was bum st Bmehester near Bishop Auckland, 
i." Feo t. :Si: He was educated at Charterhouse and Christ 
Cauren vJsiord, became a caiiege tutor, and waa ordained in 
-C.5S la the same year Dean Gaisford appointed him Greek 
*7. Car*st Church, and m 1846 he became headmaster of 
Vi s^Lraiiister school As early in 1834 he and Robert Scott had 
Dr-gm the great Lexicon abased on the German work of F Pas- 
=ox ■ ,’i.hiLh oemme his Me work, and the ist edition was published 
n -Sr3 It IS stia the standard Greek-English dictionary (revised 
ed b: H S Jones m 15:5) In 1853 he became dean of Christ 
Cnurch, and took an_ active part in the first Oxford University 
Commission He resigned the deanery in iSgi and retired to 
Wot where he died or. Jan 18. 1S9S 
He aEo pubtishea History ot Aticieitt Rome (1855, abridged 
ctiition as Students' History of Rome) 

See H L Thompson, Henry George LtddeU (1899). 

LE>DESDALE, the valley of Ltddel Water Roxburghshire, 
dcotLiad exten<3ing_2i m from the Peel Fell to the Esk The 
’A avedey route of tie L X E R runs down the dale, and the Cat- 
n'’ or Piets Dyke crosses its head At one period points on the 
rn er were occupied with freebooters’ peel-lowers, but many have 
c! sapfwarec: Larr.ston Tower belonged to the Elliots, Mangerton 
10 the Armstrongs and Park to “little Jock Elliot.” the outlaw 
ftho nearly kuled Bcthweii in 7566 Hermitage Castle, a massive 
H-id'a^d lortress and one of the oldest baronial buildings 
.n cc'tmod, stands on a till overlooking Hermitage Water a 
tnbutary of the Liddel It was built m 1244 and captured bv the 
English ffi Davad II ’s reign It was retaken by Sir William Doug- 
’^ho received ajrant of it from the king In 149a Archibald 
Da ^^hearl 01 .^os. exchanged it for Bothwell castle on the 
^-v-de with ratr.ck Heobum, :st eari of Bothwell It passed to 
duke of Buccicuch It was here that Sir Alexander Ramsay of 
Dartcusie was staned to death by Sir Wilham Douglas in 1342 
and taat y axes Hepburn, Hh earl of BothweU, was visited by 
^ assault referred to 

irpDON, HENRY PARRY ( iSsg-iE^o) EngHsh divine 
the ^la 01 a naval captain and was bom at North Stoneham' 
on .-mg ao, He was educated at King's College 
=cis«i, Undon. and at Christ Church, Oxford. As vicinrinci^ 
of .he theo.i^ical college at Cuddesdon (1854-59) and^as vice 
poEapal of St Edmund’s Hall, Oxford, he whhstood L hSai 
^4CL«n against Tractanamsm, which had set in after Newman s 

SS "*1^ JIhS L'S P«^>endary of Salisbury 

in iSoa be deSvered his Bamoton 

fete, ad , .B 5 ). *Tikb)S5'L 

iu i,..v hs. was made canon of St Paul’s Cathedral London 

^ mfhience of the Trartonaa school. 


and he succeeded m populanamg the opinions which, m the hands 
of Pusey and Keble, had appealed to thinkers and scholars His 
forceful spirit was equally conspicuous in his opposihon to the 
Church Discipline Act of 1S74, and m his denunciation of the Bui 
garian atrocities of 1876 In 1882 he resigned his pi ofessorship 
He travelled m Palestine and Egypt, and showed hts interest m 
the Old Catnolic movement by visiting Dollmger at Munich In 
18S6 he became chancellor of St Paul s, and il is said that ht 
declined more than one offer ot a bishopric He died on Sept y 
1890. 

Liddons great influence was due to his personal tasciiiation 
and the beauty of his pulpit oratory rather than to any high 
qualities of intellect See J Johnston, Life and Letters of Dean 
! Liddm 

' LIE, JONAS LAURITZ EDEMIL (1833-1908), Noi- 
wegian novelist, was born on Nov 6, 1S33, close to Hougsund 
(Eker), near Drammen In 183S, liis father being appomted 
shenff of Tromso, the family removed to that Arctic town Here 
Lie gained acquaintance with the wild seafaring life which he 
was afterwards to describe He studied at Chnstuuia (Oslo), 
where Ibsen and Bjornson were among hi 3 fdlow-sUulcnts. On 
completing his studies he began to practise .is a soliutoi at 
Kongsvingcr In i860 he married his cousin, 'rhomasnie Lie 
who collaborated with him m his woiks In 1SO6 he published 
his first book, a volume of poems Financial embarra.ssnicnt 
drove him to Chnstianu to try his luck as a man ul letius 
As a journalist he had no success, but in 1870 lie published a 
melancholy httle romance. Dew Fremsynie (Eng trans , 2 he 
Vmomry, 1894), which made him famous Lie piocecded to 
Rome, and published Tales m 1S71 and Tremasteron "FrnnUdin” 
(Eng trans, The Barguc “Future,'’ Chicago, 1879), novel, m 
1872 Lodsen og hans Htistru {The Pilot and his Wife, 1874) 
placed him at the head of Norwegian novelists mid brought him 
a small government stipend Lie spent the next few yoais partly 
m Dresden partly m Stuttgart He then returned (0 Norway fur 
a short time, and there wrote some novels of cuiiteinpor try 
Norwegian life But he was back in Germany very soon From 
1882 to 1891 he made Pans his headquarters 1-lis latci jtirs 
were spent m Norway, and he died at Christiania on July 5, 1908 
Two of the most successful of his numerous novels weio ? he 
Commodore’s Daughters (18S6) e.ndNwU (1S94), both of which 
were included in the International hbrarv. In idOi-iBo-' he 
OTote under the influence of the new romantic impulse, tweniy- 
lour tolk-tales, printed in two volumes entitled Trold. Sonic of 
these were translated by R. N Bain in Weird Tales (1S93), illus- 
trated by L Housman, His Samlede Vaerker were published at 
openhagm in 14 vols (1902-1904) As a novelist Jonas Lie 
stands with those minute and unobtrusive painters of contempo- 
arrangement in this or that school He is 
TOth Mrs Ga^eU or Ferdinand Fabre, he is not entirely without 
old-fashioned favourite of the public, Frednka 

mMk&i^fb^^ (1S42-1S99), Norwegian mathe- 

maUcian, was born at Nordfjordeif, near Bergen on Dec 17 

usioj In iSog he went to Berlin and there met TTlr^in m m-in 

With whom he afterwards published several papers In 

.’t'h. kr ’”‘”“‘1“’ “ ChriSauuSventJ, 

w the same yeM submittmg for his doctor’s degree his famous 
memoir Ueher Complete, insbesondere Limeii. IS iletcoZ 
Pkxe, rmt Anisoendung au} die Theone paiHellir oZrenZ 

WaZr Het? tangenSS^^^ 

L the folIowmryeaH?em 

gnmps and diseovered Its Wtotmadou SaSgTspS^^^ 

work of wide range and great orimnalif-c t ^ 

Kkm m ate chaw of 

pointed bs assistant In iSp3 he teturaed to 
a spetnj pos created fur hm, h„ h„ health ,a alrea’dybSS 
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and he died on Feb i8 1S99 Besides his development of trans- 
formations, Lie made contributions to differential geometry, but 
hit, primary aim was the advancement of the theorj' of differ- 
ential equations 

An analysis of Lies works is given m the Bibliotheca Mathematrca 
(Leipzig, 1900) 

LIEBER, FRANCIS (iboo-iSyu), German-American pub- 
licist, was born at Berlin on March rS, iSoo He served with his 
two brothers under Blucher in the campaign of 1815 fighting at 
Ligny, Waterloo and Namur, where he was twice dangerously 
wounded Shortly afterwards he w'as arrested for his political 
sentiments, the chief evidence against him being several songs 
of liberty which he had written After several months he was 
discharged without a trial, but was forbidden to pursue his studies 
at the Prussian universities He accordingly went to Jena, con- 
tinuing his studies at Halie and Dresden. He subsequently took 
part in the Greek War of Independence, publishing his experiences 
in his Journal m Greece (Leipzig, 1S23, and under the title The 
German Anacharsis, Amsterdam, 1S23) In 1827 he went to the 
United States and as soon as possible was naturalized He settled 
at Boston, and for five years edited The Encyclopaedia Americana 
From 1S35 to 1836 he was professor of history and political 
economy in South Carolina college at Columbia, S C , and during 
this period wrote his three chief works, Manual of Political Ethics 
(18381, Legal ana Pohttcal Hermeneutics (1S39) and Civil Lib- 
erty and Self Govemnterif (1833) ^^857 he was elected to a 

similar post in Columbia college New' York, where in 1865 hs 
became professor of constitutional history and pufahc law Dur- 
ing the Cm! War Lieber rendered services of great value to the 
Government Upon the requisition of the president, he prepared 
the important Code of War for the Government of the Armies 
of ike United States in the Field This code suggested to 
Bluntschli his codification of the law of nations, as may be seen 
m the preface to his Drotf International Codifie During this 
period also, Lieber wrote his Guerilla Parties with Reference to the 
Laws and Usages of War He died Oct a, 1872 

His Miscellaneous Writings vvere published by D C Gilman 
(Philadelphia, 18S1) See T S Perry, Life and Letters (1882), and 
biography by Haib> (1899) Consult also Finest Nys, ■‘Francis 
Lieber, His Life and Work,” Am Jour Internat. Law, vol. v, pp 
84-11:7, 335-393 (iqir), Chester Squire Phinmy, Francis LicbePs 
Influence on American Thought (1918) ; and Louis Martin Sears, 
“The Human Side of Francis Lieber,” So Atlantic Quar , vol xsvu, 
p 42-61 (192S). 

LIEBERMANN, MAX (1847- }, German painter and 

etcher, was born m Berlin on July 20, 1S47. After studying under 
Steffeck he entered the school of art at Weimar in 1869 Though 
the straightforward simplicity of his first exhibited picture. 
V> omen plucking Geese” (Berlin, National gallery) in 1872, pre- 
sented already a striking contrast to the conventional art then in 
vogue, li was heavy and bituminous in colour In his course he 
wis confirmed bj' Munkacsy’s influence in Pans in 1872 A sum- 
mer spent at Barbizon in 1873, where he became acquainted with 
Millet and studied the works of Corot, Troyon and Daubigny, 
resulted in the clearing and brightening of his palette He subse- 
quently went to Holland, where the example of Israels confirmed 
him in the method he had adopted at Barbizon, on Hs return to 
Munich in 1878 he caused much unfavourable criticism by his 
realistic painting of “Christ in the Temple,” which was con- 
demned by the clergy as irreverent Henceforth he devoted him- 
self exclusively to the study of light and to the painting of the 
life of humble folk He found his best subjects m the orphanages 
and asylums for the old in Amsterdam, among the peasants in the 
fields and village streets of Holland, and in the beer-gardens, fac- 
tories and workrooms of his own country 

Lieberuiann has done for his country what Millet did for France 
His pictures hold the fragrance of the soil and the breezes of 
the heavens His people move in their proper atmosphere and 
their life is stated in all its monotonous simplicity His work be- 
ing at variance with the academic tradition he became the leader 
of the Secession His first success was a medal awarded him for 
‘ Kn Asylum for Old Men” at the 18S1 salon Then followed “The 
Cobbler" Shop”^ (iSSr) and The Flax Spinners" (1887) both of 
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which are now in the National gallery, Berlin In i S84 he settled 
in Berhn, where he became president of the Academy’ He became 
a member of the Sociele nationale des Beaux Arts of the Soci- 
ete royaie beige des Aquarellistes, and of the Cercle des Aquarel- 
listes at The Hague and a corresponding member oi the Tnstitut 
de France Liebermann is represented in most of the German 
and other continental galleries The new section of the National 
gallery in the former palace of the crowm prince contains a rep- 
resentative collection of his work showing his development, the 
Munich Staatsgalerie, “The Woman with Goats' , the Hamburg 
gallery, “The Nei-Menders”, the Hanover gallery, the Tillage 
Street in Holland ’’ “The Seamstress’ is at the Dresden gallery 
the “Man on the Dunes” at Leipzig, ‘Dutch Orphan Girls’ at 
Strasbourg; ‘ Beer-celkr at Brandenburg” at the Luxembourg 
museum in Pans, and the ‘ Knopflerinnen ’ in \’'enice Among his 
portraits are those of F Maunann, Gerhart Hauptmann and E 
Meyer His etchings are to be found in the leading print rooms 
of Europe 

See Hans Rosenhagen, Liebermann (Bielefeld and Leipzig, 1900) 

LIEBIG, JUSTUS VON, B4RON (1S03-1S73I, German 
chemist, was born at Darmstadt in May, 1S03 His father, a dry- 
salter and dealer m colours, used sometimes to make experiments 
in the hope of improving his processes and thus the son early 
acquired familiarity with practical chemistry For the theoretical 
side he read all the text-books which he could find, At the age 
of fifteen he entered the shop of an apothecary at Appenheim, 
near Darmstadt, but he soon found how great is the difference be- 
tween practical pharmacy and scientific chemistry He next 
entered the university of Bonn, but migrated to Erlangen with the 
professor of chemistry, K W G Kastner ( 1783-1837 1 He then 
went to Pans, where, by the help of L J Thenard he gained admis- 
sion to the private laboratory of H, F Gaultier de Claubry (1792- 
1873). professor of chemistry at the Ecole de Pharmacie, Pans, 
and soon afterwards by the influence of A von Humboldt, to 
that of Gay-Lussac There he concluded, in 1S24, his investiga- 
tions on the composition of the fulminates On Humboldt’s ad- 
vice he determined to become a teacher of chemistry, and after 
overcoming many difficulties he was appointed e.xtra ordinary pro- 
fessor of chemistry at Giessen in 1824, becoming ordinary pro- 
fessor two years later. His most important work was accom- 
phshed at Giessen. He persuaded the Darmstadt government to 
provide a chemical laboratory in which the students might obtain 
a proper practical training This laboratory, unique of its hind 
at the time, in conjunction with Liebig’s unrivalled gifts as a 
teacher, soon rendered Giessen the most famous chemical school 
m the world In it were trained many accomplished chemists and 
It gave a great impetus to the progress of chemical education 
throughout Germany Liebig remained at Giessen for twenty-eight 
years, until, in 1S52, he became professor of chemistry at Munich 
university. He died at Munich on April 10, 1S73 

Work on Pure Chemistry includes improvements in tech- 
nique of organic analysis, his plan for determining the natural 
alkaloids and for ascertaining the molecular weights of organic 
bases by means of their chloroplatinates, his process for determin- 
ing the quantity of urea in a solution, and his invention of the 
simple form of condenser known in every laboratory His con- 
tributions to inorganic chemistry were numerous, including inves- 
tigations on the compounds of antimony, aluminium silicon, etc 
on the separation of nickel and cobalt, and on the analysis ot 
mineral waters, but they are outweighed in importance by his 
work on organic substances In this domain his first research 
was on the fulminates of mercury and silver, and his study of 
these bodies led him to the discovery of the isomerism of cyanic 
and fulminic acids Further work on cyanogen and connected 
substances yielded a great number of interesting denvatives, and 
he described an improved method for the manufacture of potas- 
sium cyanide 

In 1832 he pubhshed, j'oiatly with Wohler, one of the most 
famous papers in the history of chemistry, that on the oil of 
bitter almonds (benzaldehyde), wherein it was shown that the 
radicle benzoyl might be regarded as forming an unchangmg con- 
st tuent of a long ' of compounds BerzcEus hailed fhn; chs 
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Liebknecht remained faithful to his principles and resigned his 
editorship He became a member of tL Af beiterverein, and alter 
the death of Ferdinand Lassahe he was the chief mouthpiece in 
Germany of Karl Marx, and was instrumental in spreading the 
influence of the newly-tounded International Expelled from Prus- 
sia in 1 86 5, he settled at Leipzig, and it is primarily to his activity 
m Saxony among the newly-formed unions of workers that tfte 
modern social democrat party owes its origin. Here he conducted 
the Demohratisches Wochenblatt In 1867 he was elected a mem- 
ber of the North German Reichstag where he opposed Lassalle's 
policy of compromise 

Liebknecht was strongly influenced by the "great German” 
traditions of the democrats of 1S48, and distinguished himself by 
his attacks on the policy of 1S66 and the ""revolution from above,” 
and fay his opposition, to every form of militarism His adherence 
to the traditions of 1S4S are also seen in his dread of Russia, 
tvhich he maintained to his death His opposition to the war of 
1S70 exposed him to insults and violence, and m 1S72 he was con- 
demned to two years' imprisonment in a fortress, for treasonable 
intentions The union of the German Socialists in 1874 at the con- 
gress of Gotha was a triumph of his influence, and from that time 
he was regarded as founder and leader of the party From 1S74 
till his death he was a member of the German Reichstag, and for 
many years also of the Saxon diet He was one of the chief spokes- 
men of the party, and he took an important part in directing its 
pokey In iSSi he was expelled from Leipzig, but took up his 
residence in a neighbouring village After the lapse of the Socahst 
law (1S90) he became chief editor of the Vorwarts, and settled 
m Berlin If he did not always And it easy in his later years to 
follow the new developments, he preserv ed to his death the ideal- 
ism of his youth, the hatred both of liberalism and of state social- 
ism, and though he was to some extent overshadowed by Rebels 
greater oratorical power, he was the chief support of the orthodox 
Marxian tradition Liebknecht was the author of numerous pam- 
phlets and books, of which the most important w'ere Robert 
Blum mid seme Zeit (Nuremberg, 1892) , Geschichte der Fran- 
nonschen Revolution (Dresden, iSqoj, Die Emser Depesche 
(Nuremberg, iSqq) and Robert Owen ('Nuremberg, 1S92J He 
died at Charlottenfaurg on Aug. 7, 1900 

See Kurt Eisner, Wilhelm Liebknecht, sein Leben mid 'Wirken (1900) 

LIECHTENSTEIN, one of the smallest independent 
sovereign States of Europe (tee Sa.n Marino and Monaco). 65 
sqm m extent, and bounded by the right bank of the Rhine a 
few miles above Lake Constance Westward lies the canton of 
St Gallen (Switzerland) The eastern border marches with 
Austrian Vorarlberg, and southwards are the western crests of the 
Rhatikon, between Liechtenstein and Graubunden (Switzer- 
land) The country, geographically, is more Austrian than 
Swiss — politically its interests have oscillated between, both 
countries. The major physical divisions are ( i ) A small narrow 
strip along the Rhine valley, widening northwards into the tri- 
angular lowland of the confluence of the Rhine and the Austrian 
111 (2) The much larger upland area, practically bisected by the 
Samina which feeds the 111 The highest peaks lie southward 
with Falkais (8,401 feet), central south, and Naafkopf (8432 
feetj, south-east, at the meeting points of the three frontiers 
The chief settlements are at the western foot of the uplands 
and not on the Rhine itself In order from the south, they are 
Balzers, Triesen, Vaduz (capital and seat of government, pop 
r 405), Schaan and Nendeln They are linked by the road joinmg 
Rdgaz (Switzerland) with Feldkirch (Austria) Two small settle- 
ments, Eschen and Mauern, he in the northern triangular low- 
land Liechtenstein’s only railway crosses the centre of the 
western frontier from Bucks (Switzerland) and then parallels 
the road through Schaan and Nendeln. Pop , about 11,500, is 
largely German in origin and speech, Roman Catholic in religion 
and agricultural m interest Corn, wine and fruit are grown and 
cattle are reared. There are also small manufactures of cotton, 
leather and pottery 

The principality, founded in 1719, consisted of the lordships 
of Schellenburg and \^aduz, and formed part of the Holy Roman 
empire From 806—1 t was included m the RJiine Confedera 
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non. and from 1815-66 m the German Confederation. Since 
1866 it has been independent Prince Johann II (b 1840) suc- 
ceeded his faiher in 185S The Constitution has. since 1921, pro- 
vided a Landtag of 15 members elected by direct vote, suffrage .s 
umversal The standing army was abolished m 1S6S and there is 
no national debt Until 1919 Liechtenstein was closely allied 
with .Austna, in 1921 it adopted Swiss currency, and since 19^4 
it has been included in the Swiss Customs Union, Switzerland 
administers its telegraph and postal services though it has a dis- 
tincth e postage stamp issue Prince Johann II died Feb ii, ig’g 
See Taltgkeits- uiid Rechenschajtsbcnckte der funlhchen Izechten- 
iteinncheti Rtgterung (Vaduz AnaualJ , J von FalLe, Geschichte des 
jursthi^ken Hatties Liechtenstein (Vienna, 1S68— S3) ; J, C Heer, Vorar! 
berg und Liecktensiem Feldkirch (1906) , A Helbock, Qitellen ztir 
Geschichte V orarlbergs und Liechtenstein tBeme, 1920), 

LIED ; see Song 

LIEDEB.TAFEL (Ger , lit “song table”), a type of musical 
society formerly very popular and numerous in Germany, devoted 
to four-part singing for male voices, and combimng refreshments 
and social intercourse with its music, whence the name In recent 
years the older Liedertafeln have been more or less superseded bv 
the larger male v'oice choirs, though the name has been retained for 
the public invitation concerts given by the latter 
LIEGE, one of the nine provinces of Belgium, the successor 
of the old prince-bishopnc, touching on the east Dutch Limburg 
and Rhenish Prussia Its towns are Liege, Verviers, Spa, Seramg 
Huy, etc The Meuse flows through the centre and its valLv 
Irom Huy to Herstal is one of the most productive mineral dis- 
tricts in Belgium .Agriculture in the Condroz district south of the 
Meuse has been much developed Theie are 26 cantons and 374 
communes, and the districts of Eupen, Malmedy, St Vith and 
the former neutral district of Moresnet arc now withm the prov- 
ince Area 97i,75oac or 1,518 square miles Pop (1925) 
949,301 or 625 per square mile 

LIEGE (Walloon, Lige, Flemish, Luih, Ger Luttich), capital 
of the Belgian province of Liege, on the Meuse long the seat of 
a prince-bishopnc, the centre of the VVCalloon country 
The great cathedral of St Lambert was destroyed in 1794, and 
m 1802 the church of St Paul, dating from the loth century but 
rebuilt m the 13th, was declared the cathedral The law courts 
are installed in the old palace of the pnnce-bishops, constructed 
between 1508 and 1540 The university has separate schools for 
mines and arts and manufactures 

Liege had a population m 1921 of 165,096, and is the centre 
of the iron and armament manufacture of Belgium and of a coal- 
mming district The production of zme and of motor-cars has 
also become important Of the 56 blast furnaces in the country n 
1925 Liege had 20 There is also a large cattle market Suburbs 
have ansen on the heights to the north and a circular boulevard 
has been laid out with connecting roads 

HISTORY 

Liege first appears in history about the year 55S, at which date 
St Monulph, bishop of Tongres built a chapel near the confluence 
of the Meuse and the Legia A century later the town, which 
had grown up round this chapel, became the favourite abode of 
St Lambert, bishop of Tongres, and here he was assassinated 
His successor St. Hubert, raised a splendid church over the tomb 
of the martyred bishop about 720 and made Liege his residence 
It was not, however, until about 930 that the title bishop of 
Tongres was abandoned for that of bishop of Liege The episco- 
pate of Notger (972-1008) was marked by large territorial ac- 
quisitions, and the see obtained recognition as an independent 
principality of the empire The popular saying was “Lidge owes 
Notger to God, and evervthmg else to Notger ’ By the munificent 
encouragement of successive bishops Liege became famous dur- 
ing the nth century as a centre of learning, but the history of 
the town for centuries records little else than the continuous 
struggles of the citizens to free themselves from the exactions of 
their episcopal sovereigns, the aid of the emperor and of the 
dukes of Brabant being trequently called in to repress the popular 
nsings 

The long cpiacopa e of Ebe ha d le la Marct ( 505 38) was a 
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G':' raiKt-i the opct-na >.i the J7th ceatari- Bi=hop Maxi , 
\ .la E'-tn- cc Be' aiia i lojo-iS . ai laat put an end to the | 
t jr, icntc iTG a regnaiion \reghtrtent) tvhich abok I 

a;-: :j. ihe tier hsuteTons ui the atizene and the potver ol the I 
Tne French r=’ O-urijoary arnaes overran the principality } 
: „n: 'rcrr- .^14 tt, .Sc fall ci Nipoleon it was annexed 
u ,t. --n.. ^rv.,v^ ae the departmeat of the Ourthe The 

( 'Lc'cri t, h.rhrj -'i iit5 decrcea that Liege, with the other 
L'uw jouthtrr Xetherlancs, bhould form part of the 

,' -ur-cdom ^.f the Xh tter.ands under the rule of William I , 
cl "he 1 oj;c .j; Orjugc Tt.e town of Liege took an active part 
.r 'hr -t -J ci and since that date the ancient pnn- 

cuu r; h 1 .'trn irtorporated in the kingdom of Belgium , 

L> Aur C .0:4 immediately after the outbreak of the World j 
jr ‘rt trc Ciiision ol the 3 eig-an army retired on Liege, trust- 
’’i '&■" tjrtifcau'ors cf the town to withstand attack For ten 
GU' = L.ege 'Aw.s subjected to temfic bombardments, and on Aug, 

10 uc town was occupied bt the German troops Although finally 
difeated the Eelkians be their sustained resistance gave the 
Au-^s ume to ntjkc plans or" campaign and to reassemble their 
r..r.es 

Siai-MCK CrEV — Tceodore BouiHe. llisiotre de in ville et dii pays 
de L>t‘t i-r^-sal, Baron B C dc Gerkcbe, jStstmre de Litqe 
' I s, > , , L, Pou-n Btz^nm de I’amen pa de Liege (Liege. 1844-47) , 
lzriiiz.^d H.iauv Btsiofe du pa\s de Liige fLlege, 1857). A, 
Bo'-c'iitit Hi ’'-.re di la mchitiM hegeaise (Liege, 1865) ■ J Dans, 

H; :i”-e au d.r.ct e ei de la pnaapautS de Liege (Liege, 1868-85), 

A de Srliryer ie Sita’U de hege (Liege 192a). For full bMog- 
mc ii 'i' 'LksEt; Cae’ alien RSperioire dei sources ktstonques. Topo- 
bii, 'staphi , r V (Moatheliaid, 1900). 

LIEGEj an adjective of uncertain derivation which seems 
ongma-r to ba\e meant ‘-simple, ’’ ‘ uncondiuoned ” The word 
•i h storicai!} important betause it was early used as a qualification 
ol kga! terms such as homage In teudal law liege homage is the 
homage due trom a tenant to his chief lord In course of time the 
d=a prevailed that hege faomage was due to the kmg, above and 
beyond the aomage done to am immediate lords From this idea 
*s uidmaiely derived the emptoymenc of the anstract noun ‘al- 
egi.nce to denote the subjects dutj to his sovereign 

XIaimnd History of English Law (and ed., 189S), 

LffiGNITZ, a town in the Prussian province of Silesia sit- 
uated cn the Katabach just above its junction with the Schwarx- 
vasjcr, end 40 m WX'W of Breslau, on the mam line of rad- 
vu) to Eerhn -la Sommerfeld Pop. (1925) 73,153 Ljegmtz 
^ trst mem-otied m an historical document in the year 1004 
in II 03 it became the sea: of the dukes of Liegmtz who greatly 
im.rcved and enlarged it, and who are buried in the church of 
vt. John Ou tee death oJ the last duke of Liegmtz in ifirj the 
mccy ume mto the possession of the Empire, which reta!ined 
u ur-ui tne Prussian conquest of Silesia m 1743 On Auff 
^7&c Fredtnci the Great gamed a decisive vnetory near Liegtutz 
over tie Austrians _ It coas.sts of an old town, and several sub- 
uras The ^kce lormerly the residence of the dukes of Lieg- 

tm,ne ofcces of the cistnct. The Ritter Akadeime, founded by 
reconstructed as a gymnasium in 1810 
i (r^tored in 1S92-18941 dates 

f manufactures are considerable, the 

cl de trade m grain Ld its 
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LUM. The word hen signifies the right of a nerson in ivk; 
^ of bdongmg to another to detain slch prS 

in connection with the proMrty de^ 
tepl IS sstBted This ri^t of !iea anses either If iSaten 
of m express contract WIh^i-p k/iTi» ' mpucation 
im* ftu f an express con- 
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er to h ch t m ght otherw se have been subjec The j osses, 
sort nght conferred by hen s no a r gh ad e hat is to say 

does not convey to the pe son n possess on of goods any prop 
erty in them, t merely g es h m a legil gh 0 re a n hem un 1 
his demand is saGsfied Consequently, , apart from siamtt, or loga 
process authorizing him so to do, he is not entitled t(i sell the 
goods to recover what is due to hiin. 

If the goods be not in possession of the claimant oS hen, us in 
the case of the furniture of a tenant owing rent to a landlord the 
Liw will indeed assist the landlord to seize the propcily and en- 
able him Co sell It m one course in order to pay himseli out of 
the proceeds, but it will not give him any properly in the iarni- 
ture Itself 

There are two descriptions of lien recognized by the English 
law particular and general Particular hens exist where persons 
have a right to retain possession of property in rcBi.iect of labour 
or money expended by them on the identical chattel which con- 
stitutes the res gestae or subject matter of the dispute Liens of 
this description are usually favourably regarded by the tourl 
General liens are claims made in respect of a gonciivl baluiicc of 
account between the parties 

Liens are created in three ways, either (i) by cxpiesB conlract, 
(a) by usage of trade, or (3) by some legal relalion belwecn tlie 
parties where there is no express coniratt uov any usage of 
trade The term legal relation applies either to those persons on 
w'honi the law throws an obligation to peifoun cert am serwes 
whenever required so to do by any nieroler of the pubhe, such as 
an inn-keeper or a common earner, or eGe to a person vvho use 
fully expends Dme, work or money on the reparation >)i the chattel 
of another, such as a jobbing tailor, a iioot repairer a turner, a 
calico printer, or indeed any person to -whom goods are delivered 
in order to have some service performed in conucUmn with them 
for which such dehvery is necessary But the mere safeguard- 
ing of the article, apart from work done upon it, will convey no 
right to hen in this particular form of deposit 
Again, a ship-mastei (on behalf of the owner) has a hen, upon 
cargo for freight, and if, upon landing, notice of such hen is 
given to the wharfinger or Wdrehouseman. (he cargo la bound 
thereby m his hands, and may be subsequently sold by him upon 
coir.phance with statutory conditions ( Merchant Khipping Act, 
1S94. secs 494-498) And a hke rule applies to passengers’ lug- 
gage (except wearing apparel actually in use) for unpaid passage 
money. 

A claim to general hen, though, as already stated, not regarded 
with favour by the courts, may be established by special or neces- 
sanly implied agreement, or by the custom of a certain trade 
By virtue of accepted custom of trade or profession, wharfingers 
bankers, insurance brokers and solicitors have a lion upon the 
proirerty of their employers, not only for debts arising out of the 
particalar transaction for which the property was delivered to 
them, but also for a general balance of account between the 

statute barred 

debts (Courtenay v IVillunnS, 3 Hare at p 353) 

>,„m balance of account has been 

packers, and 

ocally (by the custom of Exeter) to fullers The nght to general 
^ of transference. ^ 

J'® it 

swfrr fT physical possession of the 

Ivof Jeh ZL altogether independent- 

mvfrfn! f “y "‘-tual or con- 

structive possession by the parties seeking to enforce it Mari- 
time hen presupposes the givmg of a credit coupled with an m- 

Chun at the 

creditor Consequenlly the position of a 

cr mtor having a proper maritime hen differs (wm Gi-ii nf r,n 

ordinary creditor in that “unless he has forfeited the ikht by £ 
OTO laches he can proceed against the ship notwithscaSlng any 

(TV ) (le mortgage of shps k« ) salvTige 
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iq V ), wages, master's wages, disbursements and liabilities, and 
damage arising from collision 

Right of Sale or Transference of Lien, — Apart from statute 
a mere hen confers no right of sale on the party entitled to retain 
the chattels against the true owner, even if the detention be at- 
tended with trouble and expense {Thames Iron Company v Pat- 
ent Derrick Company, iS6o, 29 L J , Ch 714) A statutory right 
of sale, however, of any goods left by a guest m his custody 
enures, after six weeks, to an innkeeper for the amount of his 
bdl, by virtue of the Innkeepers Act, rSjS (sec, i) By the Mer- 
chant Shipping Act, 1S94 (secs 497-498), a wharfinger or ware- 
houseman, at the expiration of 90 days from the rime when goods 
are placed in his custody (or a shorter time if the goods be per- 
ishable) IS entitled to sell them by public auction, and sec 97 
of the Railway Clauses Act. 1S45, authorizes railway companies 
to detain and sell any goods delivered to them for carriage upon 
default of payment of their tolls Neither the custody of the 
chattel nor the accompanying lien is capable of legal transfer- 
ence to a third party, who is consequently, after demand and re- 
fusal, liable in trover to the true owner of the goods 

The hen of an unpaid vendor for the price of the article which 
he has sold to an insolvent purchaser subsists until the chattel 
has either been actually or constructively delivered into the 
hands of the latter This lien for the price of specific goods is not 
determined by the mere dehvery of the chattels to a carrier for 
the purpose of conveyance Consequently, if the vendor can 
arrest the goods at any stage of the transit before they reach the 
hands of the purchaser or his agent the vendor reverts to the same 
position as if he had not parted with the possession of the goods 

The right IS not de-vested by the purchaser endorsing over a 
bill of lading of the goods by way of secunty or for valuable 
consideration to a third party, wnth notice of the consignee’s in- 
solvency, or by a purchaser’s sub-sale of the goods before the 
termination of the transit ns, without delivery of the documents 
of title to an innocent third party 

Waiver and Determination, of Lien. — h. lien maybe waived, 
and the right to assert the claim lost, by conduct on the part of 
the holder of the goods obviously inconsistent with the existence 
of such a right A hen is determined by actual payment or tender 
of the full amount of the legal claim for winch the goods are 
detained, but part payment of such demand is not sufficient, 
neither is a general tender or offer to discharge the claim without 
actual tender or what, in point of law, is equivalent thereto. 

(W W P) 

F.S Differences. — In the United States, speaking gener- 
ally, the law relating to liens is that of England, but there are 
some considerable differences occasioned by three pnncipal 
''auses (i) Some of the Southern States, notably Louisiana, 
have never adopted the common law of England. When that 
State became one of the United States of North America it bad 
(and still preserves) its own system of law In this respect the 
law IS practically identical with the Code Napoleon, which, agam 
speaking generally, substitutes privileges for liens, t e , gives cer- 
tain claims a prior right to others agamst particular propetty. 
These privileges being sfncttsstmae mterpretatioms, cannot be 
extended by any principle analogous to the English doctrine of 
equitable liens ( s ) Probably m consequence of the United 
States and the several States composmg it having had a more 
democratic government than Great Britain, in their earlier years 
at all events, certain liens have been created by statute in several 
States m the interest of the working classes which have no 
parallel in Great Britain, e g , m some States workmen employed 
in building a bouse or a ship have a lien upon the builcing or 
structure itself for their unpaid wages This statutory hen par- 
takes rather of the nature of an equitable than of a common-jaw 
hen, as the property is not in the possession of the workman, 
and it may be doubted whether the right thus conferred is more 
beneficial to the workman than the pnonty his wages have in 
bankruptcy proceedings m England Some of the States have 
also practically extended the maritime lien to matters over which 
it was never contended for in England (3) By the constitution 
of the Umted Sta es the Admiralty and nter State junsdicbon is 
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vested m tlie Federal as distinguished from the State courts and 
these Federal courts have not been liable to have their jurisdic- 
tion curtailed by prohibition from courts of common law, as the 
court of Admiralty had in England up to the time of the Judi- 
cature Acts, consequently the maritime hen in tae United States 
extends further than it does m England, even after recent en- 
largements, it covers claims for necessaries and by material 
men, as well as collision, salvage, wages, bottomry and damage 
to cargo 

Difficulties connected with lien occasionally arise in the Fed- 
eral courts in Admiralty cases, from a conflict on the subject 
between thei municipal law of tne State where the court happens 
ro sit and the Admiralty law ; but as there is no power to prohibit 
the Federal court, its view of the Admiralty law based on the 
civil law prevails More serious difficulties arise where a Federal 
court has to try inter-State questions, where the two States have 
different laws on the subject of lien, one for example, like 
Louisiana, following the civil law, and the other the common law 
and equitable practice of Great Britain The question as to 
which law IS to govern m such a case can hardly be said to be 
decided ‘'The question whether equitable bens can exist to be 
enforced in Louisiana by the Federal courts, notwithstanding its 
restrictive law of pnvuleges, is still an open one'’ (Derris, Con- 
tracts of Pledge, 517, and see Burdon Sugar Refining Co V 
Payne, 167 U S 127) 

LIEPAJA (Libau), a seaport of Latvia in 56° 3a' N , 23° 
2' E , at the northern extremity of a narrow sandy peninsula 
which separates Lake Libau (12 m long and 2 m wide) from 
the Baltic sea Pop (1923) 77,000 There are four harbours, 
the Commercial, with stone quays, storehouses for merchandise 
and three large gram elevators, the "Winter, with numerous timber 
yards round the quays, the Avant pier or New Harbour, north- 
west of the Commercial harbour, wheie regular passenger steam- 
ers berth, and the War harbour, with two dry docks, each 600 
ft There are three entrances, but the southern one is at present 
closed for navigation, being blocked with sunken wrecks, the mid- 
dle entrance is now comparatively clear, but some wreckage re- 
mains, marked by a gas buoy, the northern entrance is now clear 
Vessels drawing more than c8 ft cannot enter The port is 
practically open all the year round with the help of its icebreakers 

The port is a coaling and oil station The chief imports are 
coal, iron, salt, herrings, gram, cotton, machinery chemical manure 
and phosphates The exports include rye, barley, oats, wool, 
linseed, sleepers, deals, pit-props, pulp-wood, ply-wood, skins and 
hides, wheat and eggs. War conditions and the severance from 
Russia have much reduced its trade which is only 10 to 15% of 
that in 1913 Its industnes before 1913 included iron and steel 
works and engineering yards, veneering, flour-milling, bacon-cur- 
ing, tobacco manufacture, the making of vegetable oils colours 
and varnishes, brewing, distilling and leather works. Many of 
the factories were ruined during the war and await capital for 
repair and development 

The port of Libau, Lyra portus, is mentioned in 1263, when it 
belonged to the Livonian order or Brothers of the Sword In 
1418 it was burned by the Lithuanians and m 1560 mortgaged 
by the grandmaster of the Teutonic order, to which it had passed 
to the Prussian duke Albert In 1701 it was captured by Charles 
Xn of Sweden, and in 1795 annexed to Russia After 1S72 
when it was brought into railway connection with Moscow, Orel 
and Kharkov, Liepaja became an important port and developed 
rapidly The Russians constructed an extensive naval port pro- 
tected by moles and breakwaters m 1893-1906 The Latvian gov- 
ernment removed here when Riga was in German occupation in 
1917-19, and Liepaja itself was occupied by German troops in 
1919. Evidences of war destruction remain still, though many 
repairs have been carried out 

LIERNE, in architecture, a small, subordmate vaulting rib, 
which runs between the more important structural ribs With the 
Enghsh tendency to sub-divide vaulting areas during the 14th 
century, the invention and development of the lierne was a neces- 
sary consequence Used more for decorative than for structural 
r Temes are especially g ouped near the vault ridges where 
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LIESTAL, lie c.n. 

rrunu P07, lArtc 1 d 32;. 

LIEUTENANTj one who takes the place oift^e and duty of ^ 
z?d :;rs on tehat: at a superior or ether person The word in 1 
Er-r’id; 3re=cr’'es the fora: of the freach ongmal (iramitea, pUce, 
tf". / h— 'c..rg' wfich is 'die equrtsieat of the Lat fjcrn: fe/n^rrs, 
'C ' c co..ig the p^cce of arotoe- Tie usual Engush pronunciation 
-p; errs e^r\ , :ce void bea« freoucztlv spttied kef tomtit, lyef- 
r o'- .i'c-r/wtir in ice :a;h and 15th centuries The modern 
p-orradat-cn 1; ko.teiiziir, white the German is repre- 
-'■= 't.u oy 'ks prcjen: fores of the word LuniHcrif In French his- 
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vri raneJisregts) was atxtie Dome Py the j 
jcn: w.'i aneterr powers to represent the mg la certain 
Wiii wicer powers and ftinctiosis. both cml as well as 
iri.a: rc . nd hoxdag ajthont;- throughout an entire province, such ' 
L, r.pre=tn;aave ci the kmg was called Uatetujui giwral du. roi 
TL» arst appoiniaent of these ogrials dates from the reign of 
P'iJip It cue Fair {see CoysTiBiE,’ In the r 6 th century the ad- 
mtr. s-ration of the prc\ races was in tie hands of gcuvenieurs, to 
whcc; the irc:,r£.«.iKrr dtt roi became subordinates The titles 
kfr.'d shd or cmtnrel and keiaewint gcudr&J de police have 
tvtn 00 '■’tc oy ^er:a,n md'cial officers in France {see CHATEtET 
mo B i,x,:rr‘ t, As the title oi the representat.ve of the sov- 
ere.gn ksmer-ji't ' in Eaglish usage apeears in the title of the 
lord^ i:e,xier.ant &i the counties of the United Kingdom {See 
Co- sr^: iMiiTTTi I ihk: re EnglmJ ) 

The niL>t g«'''erai ust. ot the word is as the name of a grade of 
aasci _r.d niLimy officer In Italy and Spam the first part of the 
•lord^i: unittcic inid an luhan er sparnsn officer bearing tins rank 
3- caked or M^<e>}te respectively In the BnMsh and most 
Ox.ier Z-Siei the i 4 .„aieiicn :3 are the comirjsiioned officers next an 
rank to caccmaucers. or second class of captains Onginaiiv the 
. eutment sacs a sciaier who aided, and in case of need replaced 
cii,'asn who uncil tne iaiier half of tee ipth century, was 
uti cpce-surdy a seaman in any na\y. At first one lieutenant was 
latr.eo ana only in the largest ships The mamber was gradually 
inc-^ased and the heutscams lormed a numerous corps Lieuten- 
Jtits now Gttsn qualify for special duties such as namgation or 
vaittm or me munagetneni of torpedoes In the British army a 
cet-enay. 15 a suBaltem officer ranking next below a captain and 
a second aeyirtiact In the United States of America subal- 
leroi^gre dassifien as first lieutenants and secotui iieutecanls In 
rrar,ce the two grades are iHute'iant and scm^kmlenant, while 
f tm Leutmni is lae lower of the two ranks, the hi<^bcr 

being t.tormerly Trtnie^Aeittwint). A “captain 

lemertaii: in tae British army was fonrerly the senior subakeni 
wim xicbjady cocnmanded the coioaels company or troop and 

f characteristic of Kring cieatures. 

* 0 diSuOt tb. a^i.y i':, m m objecuve aspects an integration 
c-emicm ard physical processes, and there^ no 
Mnram xor pesmatmg any mysterious 'vitsl lorce ” On. the 

iw im: xorninUe of matter and enersv' ftferfri-n' -r,--/,!. 

bSf f’.w (a; Ite evtryday ictioK of^fe 

te their ^efcestration. {b'- the self-presemtive 


haviour of higher animals well-endowed with brains, {d) the phe- 
nomena of decelopment and heredity or fei the facts of evolu 
cion Everyone allows that Inmg is in part analvsable into cheni 
icai and physical processes yet these are modified bv ifieir occiii- 
rence in the colloidal medium of the chemically very complex 
protoplasm In conditions of extreme complexily, a new aspect 
ot reality — Life— emerges. Moreover when ihe chcmictil and 
physical ledger is added up. it does not gjve ,1 unified (icscnpUon 
of what has actually occurred when, r g,, a migr-ml bird milkes 
Its journey For fo describe tins it is necessary to introduce con- 
cepca beyonl ph.ysica and chemistry, such as eiiiegiscration of the 
past, awareness of the present ana purposiveness lowurds the 
future In at least the higher reaches of the amniil kingdom, 
befiariour is correlated with psychical activity, in common durable 
with physical processes Thus Jite is, on activity of organisms 
which lequires for its description concepts transcending those of 
mechanism This view does not m any way contiadict the theory 
that hnng organisms may have arisen on the eanh fjom non- 
hmg materials iVhen the materials were complex enough and in 
an af^repnate collocation, living organisms may bare emerged 
Chamcteriistics of Organisms.— (aj Tao self-prrseic.'itne 
persistence of an organism is associated wiih the baildiiig-up .ind 
breakmg-dmvn of proteins, which have large complex roolctulos, 
representing an accumulation of potential chemical cumgy Ana^ 
boiic processes counterbalance the katabolic. repair rounlciarts 
waste, rejuvenescence wards off senescence. The organism is lilce 
a dock, that winds itself up as it runs down No doubi this qurlity 
is to be analysed as tar as may he,— m terms, for inhuinn’, of iliis 
characteristic fermentaUems and their reversibility Much depends 
oa the fact that the proteins are always colloiAJ. admitting of 
intensity and rapiditv of chemical reactions on the surface of <hc 
multitudinous uiua-microscopic particles or diopleis sutpendcrl in 
the liquid phase Another feature is the chemical mdi vidua iPv 
eierywhere manifest, foi each distinct type of oigamsm sonns to 
have some distinctive protein of its own, and some (.haratieri-sUc 
race or rhythm of metabolism. Thus under the geticrai quaiKy ol 
persistence amid unceasing melabohsm, there is a triad of rivis 
(M the baddiag-up that compensates for the broakitig-down of 
procOTs (2) the occurr--nce of these proteins m a colloidal suae 
and (3) tbeir specificity from type to tj'pe 
(h) A second triad of qualities includes the orgatUem’s charac- 
teristic powers of growing, imdHplying and developing A suiqilus 
01 income over e.vpenditure is the primal condition ol organic 
growth As contrasted with the growth of a crystal, an org.«usm 
can grow at the expense of materials more or less diftcrent from 
ihose ci the grotviag body; it implies active asSxmiJation, not 

mere passive accretion, and it is a definitely regulated pioccss 

regulated froni^ within Growth, naturally leads to the simplest 
orms of multiplication or reproduction, for persistent giowth. 
tends to brmg about organic instability, which may be intracellular 
asmumcellulai organisms and in ordinary cell-division, or local- 
ised along d lice of weakness or low vitality as m (he frag- 
mentation of some _lower multicellular animals Asexual multi- 
regularized form of discontinuous growth, and sexual 
is a secondary spoculiaation, 
Smnnv f / the spore-formation of many of the Protozoa and 
rrotophjta {see KEpEDDucriow) 

the propessive attainment of lull-grown com- 
fhm be m ^ tjnchfiercntiated simplicity, whetliei 

germ-cell It implies an expression of herediUry imtiatives m 

SS'S'Sf™,”" "T ■“ *“'* “ "“J * 0 ' 

rami hi.fcory or phylogeny Development, with its central fact 
or pro^essive di&renfiation and mtegration, is pariirutly to be 

i> clnof;: TTf embryo bS 

1. cannot be separated from the everyday repair of worn-out 

S' andlS^Tnd'it deciduous structure, (like 

eaves pp hair;, and the frequent regeneration <ov\ of lost 

^kli/eproduction and growth 

living thing tbar purposive behaviour m their power of en 
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registering experience, and in their capacity for ginng nse to the 
new — a third triad Many non-living things such as explosives, 
react forcefully to outside stimulus but organisms are marked 
by the self-preservative efficiency of their reactions Only the 
higher big-brained animals can be credited with perceptual pur- 
pose, but the quality of purposiveness seems to be co-extensive 
with life The orgamsm is an agent that gets things done, at 
\arious levels of behaviour — ^mteliigent, instinctive, tropistic, re- 
flex, and so forth The mental aspect may m many cases be sub- 
ordinated to the bodily, but m the majonty there is the bent bow 
of endeavour, even though the creature’s awareness of that en- 
deavour may be dim The mental aspect seems to be strugglmg 
for expression throughout, and the organism appears as a psycho- 
physical being, now (mind) -BODY and again (body) -MIND (see 
Biology) 

A bar of iron is never quite the same after it has been severely 
jarred, a Mohn suffers from mishandling But these are hardly 
more than vague analogies of the distinctive power that ffimig 
creatures have of enregistering the results of their experience, of 
establishing internal rhythms, of forming conditioned reflexes and 
habits, and of remembering Indmdual experience is built into 
the individual organism and influences subsequent reactions 

Finally it must be recognized as characteristic of orgamsms 
that they give origin to what is new; they have evolved in the 
past, and the evolution of many ns still going on Vanability and 
evolvabikty must be ranked as fundamental characteristics of 
living beings The organism selects stimuli from its environment 
and often moves from one environment to another, the orgamsm 
IS often experimental, moulding itself by its efforts, it tests the 
newness of its inheritance in its ceaseless trafficking with circum- 
stances The central secret of life is missed if the organism is not 
recognized as m some measure a struggling sub-personality 

To sum up, the characteristics of orgamsms are ~~{a> Per- 
ststence of integrity amid ceaselesi change, there being ( i) a 
self-preser\ative compensation of down-breaking by up-buildmg, 
(2) a metabolism of proteins and other complex substances m a 
colloidal state, (3) a chemical individuality, {b) a triad of linked 
capacities , namely, (4) growth, fj) multiplication, (6) develop- 
ment, and (c) the crowning triad of (7) effective behaviour, (8) 
enregistration of experience, (9) evolvability 

Aspects of Life, — The biologist works with three co-ordi- 
nates — the organism, its functions and the environment. These are 
the three sides of the biological pnsm At times what is observed 
is the insurgent organism acting on its environment, both animate 
and inanimate, and this may conveniently be summed up by using 
the first letters, 0 — >/— >e, giving the Organism a capital But at 
other times and just as familiarly, the Environment closes in upon 
the orgamsm, stimulating and inhibiting, fostering and weather- 
ing warming and coohng, feeding and starving This may be for- 
mulated again E— s-/— >0, reversing the capitals Thus, as Patnek 


Ofe 

Geddes points out, living implies an ever-changing ratio 

E]o 

Most animals are less in the grip of their environment than most 
plants, and sedentary corals more than pelagic medusae, the very 
young more than the resihently mature, and the summer hedgehog 
more than the hibernater In the article Biology it has been sug- 
gested that since an organism without its everyday functions is 
rather an empty abstraction, the term function in the O—fj—^e 
0 formula, should rather read “functiomngs,” i c , the work 
or on-goings, the actions and reactions of the organism as a whole 
The Drama of Life. — ^What has been said gives too cold an 
impression of hfe, which must be envisaged as a drama on a 
crowded stage ( i ) Whatever the secret of vital activity may be, 
it must be thought of as an overflowing spring Organisms accu- 
mulate energy acceleratively and must multiply Life is hke a 
river that is often in flood (2) From the ant-hill, the bee-hive, 
the rookery the rabbit warren, there comes the impression of 
urge and endeavour Whether the urge be vegetative, appetitive, 
tropistic, instinctive or intelligent, organisms are almost alw'ays 
after something — ^never satisfied. The more they get the more 
they want (3) But the qualty of 1 fe rises to what may be called 
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msurgence Animals in particular are lull of daring and adven- 
ture As Goethe said, they are alw ays attempting the next to the 
impossible and achieimg it This is well illustrated by gossamer 
spiders making aerial journeys, or by Arctic terns within the 
Antarctic Circle, but it finds many an unsensational expression 

(4 ) Another quality, so universal that it must be called character 
istic, is adaptiveness Practically every organism is a bundle of 
adaptations or fitnesses .-^s Weismann said, “If all the adapta 
dons are taken away from a whale, what is there left?" (sl It 
is perhaps an expression of this adaptiveness that so many living 
orgamsms form linkages with others There is no aloofness in the 
realm of organisms, nothing lives or dies to itself Thus animate 
nature is characteristically a system, — a fabric that changes m 
pattern and yet endures Though the individual threads of the web 
are always djnng, they are replaced without a discontinuity There 
IS wear, but no tear, except when man carelessly interferes with 
the loom, or when some physical violence like flood or fire, causes 
an inevitable rent (6) But this leads to another characteristic of 
the biosphere that marks it off from the cosmosphere there is 
continual sifting A new star often appears in the sky but there 
IS no indication of any struggle for existence or selection of the 
relatively more fit But who can describe the advancement of hfe 
and leave out winnowing? There is cosmic flux and there is 
organic flux, but only m the latter is there discriminate ebmination 
(7) Another characteristic of living creatures :s their beauty 
All mdependently'-living organisms are artistic unities, with pro- 
tean wealth ot beauty in form and colour, m pose and movement, 
expressing a harmonious hfe from which the discoidant has been 
more or less completely eliminated Apart from exceptions, like 
parasites, which prove the rule, organisms are like W'orks of art 

(5) Nothing can be said as to the mental aspect of a wood- 
anemone and only a little about that of a sea-anemone but a pic- 
ture of hfe must include the fact that in orgamsms there is the 
promise and potency — and in higher animals the epiphany — ot 
“Mind” Perceptual inference is a relatively late achievement, 
conceptual inference or reason is man’s prerogative but through- 
out the animal kingdom there is a stream of inner life, of feeling 
and purpose, even when there is not very much in the way of 
intelligence The probability is that “Life” and “Mind’’ are co- 
extensive. (9) Bur the crowning characteristic of life is its pro- 
gressiveness No doubt there have been eddies and stagnant pools, 
but on the whole there has been a flow in the stream of life, and 
it has been uphill' As epoch has succeeded epoch for inconceiv- 
ably long ages, hfe has been slowly creeping — sometimes swiftly 
leaping — ^upwards, towards greater fullness and freedom The 
whole process must be envisaged in the light of its outcome, 
organic evolution in the light of man 
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LIFE-BOAT AND LIFE-SAVING SERVICE. The ar- 
ticle on Drowning and Lue-saving (gv) deals generally with 
the means of saving life at sea, but under this heading it is conve- 
nient to include the appliances connected specially with the life- 
boat service. The ordinary open boat is unsuited for life-savmg m 
a stormy sea, and numerous contrivances, in regard to which 
the lead came from England, have been made for securing the 
best type of hfe-boat 

The first experimenter m England was Lionel Lulun, a London 
coach-builder, later Master of the ’Worshipful Company of Coach- 
makers Encouraged by the prince of Wales (George IV ), he con- 
verted a Norway yawl into what he called an "unimmergible” boat, 
which he patented Buoyancy he obtained by means of a project 
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FIG !. — TYPES OP MODERN LIFE-BOATS 
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,r-2 E^H’Aa.e of cork and air-chambers irside — one of these being 
Cl iis b '-i anorher at the stern ittability he secured by a false 
:ror keei The seif-r-ghting and seli-emptt.'iag principles be seems 
nct to sate theugi-; of, at aU etects he did not compass them 
La-nn uas cbfniang rather of making all boats saier than of con- 
jtrj.'tmg a noct for the special purpose of Iife-sa\ing but he ■was 
jS'oria .xi with the ecrhest known acceropt at establishing a Life- 
pOtumg benke -Rhen .n t-£6, he converieo a coble into a ''safety- 
boat" itjr Afchc'eacot; Sharp. This boat was employed for some 
/ears a: Eamborougi in sating life from shipwreck, the village 
'n.co’Tjrg iharery the frst hfe-boat station 
PuL’Jc apathy m regard to shipwreck was temporarily swept 
,.nty &> tee wieck oi the Adventure'' of Newcastle at the mouth 
of ihe I>ne in i rSo This vessel was stranded only 300yd from 
-he sht re, and her crew dropped, one by one, into the raging 
breakers in presence of thousands of spectators, none of whom 
Jared to put off in an ordmarj’ boat to the rescue. An e.Tcited 
mecimg tmong the people of South Shields followed, a cemmuttee 
isas formed ana premurns were offered for the best models of a 
ite-boat This called forth a number of plans, among those who 
'joniji.fc taem .leing W ilium Wou’dhave, a house painter and a 
eacher^of singing, and Henry Greathead, a boat builder, both 
if South Sflieidi I'i ouldhac e's model was so constructed that, 

I c„piiced. it would immediately right itself, and Wouldbave 
6 ent I'Jed to be considered the discoverer of that pnnciple, which 
J-. row used in mere than half the life-boats round the Bntish 
..cas'-f But the committee did not adopt this principle, nor was jt 
er.virei; sstisffed with Wouldhave's design. It gave bitn half 
’he rsswwrd and then, from this and the other designs submitted 
preparsu a modei oi its ow’n irom which Greathead built the first 

First Life-boat-^This boat was rendered buoyant by 
nearly ^ewt of cork, and bad very raking stem, and stem-posts, 
j^tn great curvature of keel The total cost was just under ii 50 
'pus iiie-poah the Ongmal. served until 1830 and rescued 
Ei,^reL? 0. 4ves No other life-boat was lamebed till 1798, 
■when iM duke of Xenhumberland ordered Greathead to build 
mm a -srhich he endowed This boat also did good 

semtf and its owner ordered another in jSqo for Oporto In the 
yeoi Ht. CaUscait Dempster ordered one for St Andrews 
wtere, two years feter, jt saved twelve Jives Hms the value of 
be^rec^msed, and befote the end of 180? 
^ tfeirty-oae boats— eighteen for England five 

te and eight for foreign lands In this work he was 

-aiiteiiy by Ekyds, Four years later Lukin the coach- ! 

W a^red on the scene, being invited by the Suffolk ! 
^K.y to st^rintend the building of the first sailine * 
^ Lowestoft at the end of Sot 

tweroner uf the Norfolk and Suffolk type of Sfe-bJt 
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The Royal National Lif< 
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‘ Royal National Life-boat I 
4, 1&24, It began its career 
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the British shores by benevoJ 
associations over which the ini 
it often assisted them In it 
the mortar apparatus of Caj 
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no longer seaworthy Pubhc interest in it had almost ceased The 
Tyne disaster helped to recall the pnbiic to the importance of , 
their Kfe-boat scrrnce and the need to support it In 1S50 the 
Prince Consort became vice patron of the institution in conjunc- 
tion with the bng of the Belgians, and Quedn Victoria, who had 
been its patron since her accession, became an annual contributor j 
to Its funds In 1S31 Algernon, fourth Duke of Northumberland, 
became the institution’s president He was known as the ‘‘Sailor 
Duke ” He entered the Navy m the year of Trafalgar, was now ^ 

Rear Admiral, and a little later became First Lord of the 
Admiralty He brought a new' spirit to the work, and from that 
day to this the institution has never looked back It has gone 
from strength to strength and it is many years now since it was 
first able to say that a life-boat had been stationed at every point 
on the coast where it was required and where an efficient crew 
could be found 

In 1S50 its committee undertook the immediate superintendence 
of all the life-boat work on the coasts with the aid of local com- 
mittees Periodical inspections, quarterly exercise of crews, fixed 
rates of rewards for coxswains and men, on a shdmg scale accord- 
ing to the season of the year, and the day or night were insti- 
tuted' and the duke of Northumberland, realising that the “first 
and most obvious step was to endeavour to introduce an improved 
life-boat,’’ oftered a prize of one hundred guineas for the best 
model, and appointed a committee of experts to report on those 
sent in In reply to the ofier no fewer than two hundred and | 
eighty models were sent in not only from all parts of Great j 
Britain but from France, Germany, Holland and the United j 
States The pnre was gamed by Mr James Beeching of Great ' 
Yarmouth, whose model, slightly modified b3' Mr James Peake, j 
one of the committee of inspection, was adopted by the Institu- | 
tion Mr Beeching's model embodied most of Wouldhave’s ideas 1 
with improvements of which he had never dreamed, and, coming | 
sixty-two years later, was the model for the first genuine self-nght- 
ing boat ever built This boat, with minor alterations, is prac- 
tically the type of the self-nghtmg life-boat of to-day 

The Watson Life-hoat. — ^Another important step was taken in 
18S7, following on an accident at the end of 1S86 to two self- 
righting life-boats on the Lancasbre coast, in which twenty'-seven 
out of twenty-nine of the two crews were drowned A permanent 
techmeal sub-committee was appointed by the Institution whose 
object was, with the help of an eminent consulting naval architect , 
— a. new post created — and the Institution s techmeal officials, to 
give Its careful attention to the improvement of the design of 
life-boats The immediate result was the designing of a new type 
of life-boat, by Mr G L Watson, the famous yacht designer, 
who had been appointed consulting naval architect, and held that 
post for many years The Watson hfe-boat did not self-right. 
It was a larger and more stable boat than the self-nghter. had 
beautiful lines, was safe, weatherly, quick in stays and with a 
good turn of speed With the design of this type a new principle 
was introduced, the prmciple on which the Institution's life-boats 
are stiU bmlt Broadly speaking, it is that w'lth large life-boats 
intended to go well out to sea, it is better to set aside the self- 
nghting pnnciple and aim at great buoyancy and stability 
Besides the Watson boats there are six other types of life-boat 
which do not self -right, in the Institution’s fleet More than half 
the fleet consists of self-ngfaters, more than, a quarter of Watson 
boats, and the remainder of these other types The choice of boat | 
IS largely determined by the conditions of the coast on which it 
V-/1II be placed, but the crews are always consulted, and no crew' is 
given a new life-boat unless it has already inspected it and ex- 
pressed itself as satisfied The first of the Watson hfe-boats was 
designed m 1890, and in the same year the first steam life-boat, 
named “Duke of Northumberland ” was stationed at Harwich 

The Motor Life-boat — The first experiments with an internal 
combustion engine were made during the year 1903 With these 
experiments began the modern era of life-boat work To design an 
engine which should comply with the stringent requirements of the 
service might well seem an insoluble problem. Such an engine had 
to be water-tight but not air-tight, and able to run under aU con- 
ditions of night and s onn without attention It had to have con 
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trols not only simple but easy to distinguish by touch, so that they 
could be worked m the darkness It had to run and lo lubricate it- 
self with certainty at any angle .d^t the same time, when the cap- 
sizing point was reached it had to cut itself off automatically, for, 
otherwise, if the boat w'ere of the self-nghtmg type, she woula 
right herself and be earned away by her engme, leaving the crew 
in the water In addition to all this, the engme must interfere 
neither with the self-righting quality of the boat, nor with its sail- 
mg powers The first life-boat to be converted to motor power was 
completed in 1904, and sent to Tynemouth She had a i e h p two- 
cycle motor Ihe Institution has now sixty-five motor life-boats 
in its fleet, and it is hoped in the next few years to increase this 
number to over a hundred By its ability to attain a speed and to 
cover distances impossible for boats which depend upon sails and 
oars; by its power to force its way in the face of winds and seas 
before which rowing and sailing boats would be helpless, and, 
above all, by its great manoeuvrmg power when dose to the wreck, 
the motor hfe-boat can save lives which, without it, would be be- 
yond the reach of human aid 

Greathead's life-boat w'as an open rowing boat, 30 feet long 
She had no other source of buoyancy than cork could give her, no 
other means of nddmg herself of water than by bahng, no other 
means of propulsion than by oars That the largest of the modern 
motor hfe-boats are tw'ice as long is the smallest part of the dif- 
ference Instead of baling tins they have automatic valves which 
emptj- out the w'ater as fast as the sea can pour it in Instead 
of cork they have as man^' water-tight compartments as a modern 
battle-cruiser Twenty holes might be knocked in each side, and 
they could still go on with their work They are practically un- 
smkable Instead of oars they have engines so designed that they 
can go on runmng when completely submerged, so long as the 
air-intake is above water They have cabins, electric searchhghts. 
line-throwmg guns, with a range of 80 yards, and oil-sprays for 
spraymg oil on heavy seas. The largest of these hfe-boats, the 
Barnett Twin Screw type, has two engines, each of 76 hp She 
has 15 mam and 100 minor water-tight compartments, and two 
cabms with accommodation for between 50 and 60 people In a 
calm sea she could take 300 people on deck. Under most condi- 
tions of bad weather she could m safety carry 150 people in addi- 
tion to her crew She carnes enough petrol to be able to travel 
500 miles at a cruising speed of 8 knots, and her maxitnum speed 
IS 9I knots This may not seem a high speed, but a life-boat is 
not built for high speed, but so that she can maintain her speed 
under practically any conditions of weather 

All the Institution’s engines for motor life-boats use petrol for 
fuel in order to obtain the greatest power for a giv’en weight The 
earliest types were adaptations of various designs of commercial 
engmes, the most successful being an adaptation of an engine 
built by Messrs Tjflor and Company for lorries. It was. however, 
soon found that a water-tight engine was essential in order that 
it might continue to work even when the life-boat had been holed 
m the engine-room As there was no such engine on the market 
the Institution produced a design of its own for a six cylinder 
76 hp. engine and the first was built in 1923 This has been 
followed by an improved type, of which there are two variants, 
one bemg a four cylinder engine producing 40 hp. and the 
other a six cylinder engine producing 60 h p , one, or two, of these 
engines being installed m a life-boat, according to its size and 
type A light 35 hp engine has also been adapted to the Insti- 
tution’s requirements for use in the specially light type of life- 
boat built for launching from the beach 

Life-boat Houses and Slipways. — The largest type of motor 
hfe-boats he afloat, and in one or two cases the life-boats lie on 
the open beach, but for the most part they are kept in houses, 
various methods of launching bemg used according to the type of 
foreshore The most effective, because the quickest, is down a 
shpway. For a slipway to be built, however, it is necessary that 
the shore should be steep enough to give a sufficient depth of 
water for launching the boat at any state of the tide Slipways 
for the most part, are built of reinforced concrete, the longest at 
Porthdmllaen, Carnarvonshire, being 331 feet in length The usual 
slope IS 1 in 5 The great majority of bouses with slipways for 
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"-C.'.r 'iTi-riai-: -“t* croMsid po^er wincEes for haulmg' up 
“0 - 0" nat irndj bejrhes ufa-bcits are siill launched oft a 

is lairen cu: into the sea unui a sufficient depth is 
ins bos: and a specialiv bght r\pe of motor life- 
r i :cr sjib j''a:’on= Insteac of horses motor caterpillar 
- v’l r- jrs ri^» j=id ai an increasmg number of stations; these 
aui ora} Jrtg the nfe-Poat dotrn to the nater's edge, 
^ it Lui irto the sea 

Modern Iife-Boar Equipment — Ail motor hfe-noats are pro- 
le p V. rr a ’me-^Pro. ing g’tn spec’aiiy designed for the Insti- 


ttiD compartoents- 
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f s 2 — PSOF’.E AfiB n nSRfP SECT’ON OF Efi-Fr SCiRf BOAT 

b> the Birminghim ^mai' Arms Coinpany The gun is simi- 
Lr ic a tarbire irlth MjrPni Henry breech action The line is 
coiier, up in a lie cyunde: Ahich nts over the barrel One end of it 
i' r.iatheo to a r.ol'ow steel projectile and this projectile has a 
reJ du'-vn rnc cent'-e the rod ha%ir;g the diameter of the bore of 
the cun The gun is Joaded by slipping the projectile over the 
trnzz.t so that the rod goes inside the barrel, while the rest ot the 
p'ojpctde tits outside it, in the space between the Parrel and the 
c’i..cdt.r bo.dn? the l.ne The projectile is fired with a s mall 
corcite carcntici which has a very small recoil and as the weight 
of the gun complete with orojectile and line, is only iglb it can 
be cashy nandied There is no need for firing sights, and the cor- 
rctL _ng*e at which the gun, should be held is automatically ob- 
’’n tied bj a smah plunfa-bob suspended from a leaf -sight fixed at 
nil -ag.e Cl 10 degrees The iiise used is j^in in diameter, and 
T ito oe tarowm a distance at Sixty to eighty-five yards, according 
0 the cor-ditioas of the weather. 

Tne majority of motor life-boats are provided with eiectnc 
staTzhi.5nts specially designed to be water-tight and simple to 
marjpi,,3re Tltey are oi rwo kinds a portable searchlight of 
ICO canme-^wer and a mounted searchlight of 2000 candle- 
^wer the htter bemg used only on the largest tj?e of boats 
.-le largest tjpe 0: liie-boat the Barnett twin-screw is provided 
>vi ha net stretched amidships into which tpose on board the 
^ ^ hfe-boat lies alongside 

hie-boats are launched for 
4 x-iust cnce a quarter anc all motor life-boats once a month 

T-S' f ^ '3«i’^ter for drillmg the crew’ 

r 4 ^ pufiing and saihng hi e-boats 

^ the World War.-^At ihe begmnmg of 

wi .necd'f' F T’E ^ construction 

he C" S 0- J F unfinished tmtil 

fie ?,a. O.er Even tae work of reoairine dama=red bmt^ 

though, the war came at a time 

; Ti -f- ?"u"' 'i' “™» 'tMy *»r 

tme.gency The bnei chronicle of its war-r*'scnps 
fma ihe outkeak of war b Auer toti 
S 2 T’.v rc-c tVi. r,t^ i, i sigmng of peace 

J— , ,3e uie-boats were launched i 80S times sntt r 

Bves were rescued The boats w-re kmrEu 5.322 

of sbps or arersfy nf 552 times to the 

^mcked or b mstres's on “account of "he wtr 
uvea tire Itfe-boat saved iSd boat? id 

C’-e’Ps witti dM such ape work sn rne m bulk of the 

feters were drawn frLr-" 

mstiocs, Us rmnmx the S^^- 

i-rue OC of a 


ot eighteen, twelve were ovei fifty years of age and two of the 
tvvelvm were men of seventy-two 
delations with the Government — In 1S03 a representative 
of the Institution moved a resolution in the House ol Commons 
that, b order to decrease the serious loss of life troni shipwreck 
on the coast, the British Government should provide either tele 
phonic or telegraphic communication between all the ( oast-guard 
stations and signal stations on the coast of Great BriUim, and 
that where there are no coast-guard stations the post oliiccs near 
est to the life-boat stations should be elecLncally connected, ihe 
object being to give the earliest possible mfoiiiuiUoii to the lite 
boat authorities at all times, by day and night, when the life-boats 
are required tor servnee. and further that a Royal Commission 
should be appointed to consider the desirability of electncalh 
connecting the rock lighthouses, lightships etc , with the shore 
The resolution was agreed to without a division, and though its 
intention has never been entirely carried out, the development ol 
wireless should, in. due course, provide a simple and efficient 
i means by which, eventually, all liglithouses and lightships will 
I be connected with the shore 

Finance. — ^\Vhen the Institution was founded, it was laid doiMi 
as one of its chief objects to reward those who rescued lift; from 
shipwreck, and give relief to the widows and families ol those who 
, lost their lives m attempPng to save otheis In canyiiig mil these 
I objects the Institution has long since worked on a Ciirelully pa 
I pared scheme of rewards and pensions In ifiyS a pensum and 
! gratuity scheme was introduced by the commit tec of iiuiu.igemenr 
' under which life-boat coxswains bowmen and signalmen oi long 
and mentorious service, retiring on account of old age, .uu<lent 
ill-health or abolition of office, receive special allowances as a 
reward for their good services This was followed m tqry by a 
pension scheme for the widows and dependent children of life 
I boatmen who lose their livms as a result ot rescuing 01 atttiu])tin(; 
to rescue life from shipwreck For many ycirs belore that date 
it had been the practice ot the Instituunn to pay a gratuity of at 
least £100 to the widow, and £25 foi each dependent child. The 
^ financial obligation assumed by the Institution towards those who 
risk their own lives m attempting to rescue life from shipwreck 
may be summarised as follows —It gives retamiug fees to cot 
I swams, second coxswains, etc. and wages to motor mechanics' it 
' gives rewards tor every rescue or attempted rcscuti from shipwreck 
round the coasts of Great Britain and Ireland by whomsoever per 
formed, it compensates life-boatmen injured on sendee It pays 
pensions or gratuities to coxswains, bowmen and signalmen of long 
and meritorious service, it pensions the widQw.s and dependent 
children of hfe-boatmen who lose their lives on service 
The 40 years after the duke of Northumbeiland reoiganized 
the Institution were years of many experiments and immense 
devdopments In 1831 there were only 30 hfe-boats on the 
coast, and the Institutions income was unclei £Soo In iSuo 
there were 300 life-boats, and the ordinary income of the Insli 
ution was over £42 000 Unfortunately, developments outstripped 

in the ycai 

income ^ "-^S.ooo, nearly double the 

income. Once again the life-boat service was m the greatest need 

the f the means in 

i W Macara Bt m Th ’ 

I nuhhe mterUi fn ^ of the 

Lo hfe-S Z ^ the disaster, already mentioned, to the 

existence uSil coast m 1886 It renmined iti 

0^r?v fhP S F ? I ’ organization were taken 

£300,000 ^ ^ those 19 years it raised nearly 

creased its cost At the end of ft 

pounds was sufficient not only to^bmld ^ 

so that, out of that snm .1 44 m u ^ ^ life-boat, 
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TED STATES COAST GUARDSMEN USING FLARES AND LAUNCHING 
LIFEBOATS FOR RESCUE WORK 


abreast of wreck for launching Boat is 
onstructed cradle chassis, and is hauled by a 
horses or members of the crew 
eersman (extreme left) is the last to enter 
at and the oarsmen in their places Every 
quired to wear a lifebelt 
nt station, New York, just after launching 

urf the men rn their places and the captain 
jard Skill and strength, with steady nerves 
e required to launch or land a boat through 


a surf such as that shown 

5^ Surfman, upon discovery of a vessel in distress J 
answering with the Coston light or beacon si£ 
know that help is at hand 

6 A life-saving crew burning flares to iJIuminate 
Stations are supplied with powerful acetyleni 
purpose, which are practically wind and wati 
mterise diffused light over the entire field of 
The hand lights are generally used only for aig 
standing into danger, or to notify a stranded 
covered and help is at hand 
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£100,000 It now requires £250,000 In order to obtain this much ■ 
larger sum it has greatly extended its methods of appeal In 1921 
^■he Ladies’ Life-boat Guild uas formed, to unite in one body 
ihe many hundreds of women who were w'orking for the Insti- 
tution. In addition to over 200 life-boat stations, the Institution ' 
has over a thousand financial branches and guilds, with thousands 
of voluntary workers attached to them It is one of the remark- 
able features of the Institution’s work that, in spite of the great [ 
changes and developments which have been made in the course 
of over a century, it 15 still maintained by voluntary means 

National and International Aspects. — It is still more re- 
markable that even those who believe m nationalization would not 
nationalize the hfe-boat service, and one of the best tributes to 
its success as a voluntary organization was paid by a leading expo- | 
nent of socialist theory, Mr Sidney 'VVebb. when he was president J 
of the Board of Trade He said that “one of the Institution’s ' 
glories IS that it is entirely voluntary,” and to that he added an \ 
interesting analysis of the reasons why the Institution has sue- [ 
ceeded as a voluntary body ' One of the advantages of voluntary f 
organization is that it can initiate and experiment, which is very 
difficult for a Government department ” } 

The British life-boat service has been the acknowledged model j 
of the other life-boat services of the world, and of the fourteen I 
other countries which have national services, Holland, Belgium, ^ 
the United States, Germany, Denmark, Norway, Sweden, France, 1 
Russia, Spam Japan Portugal Latvia and Iceland, only four are j 
maintained by the State, those in the United States, Belgium, | 
Denmark and Russia Four of the remaining nine — those in Ger- j 
many, Norway, Sweden and Spam — ^were originally State-services, ! 
but they have since been handed over to voluntary organizations, [ 
or such organizations have been set up to supplement the State- j 
service. . 

In 1924, by which year it had given rewards for the rescue of | 
nearly 60,000 lives, the Institution celebrated its centenary, and 
those celebrations showed what a secure place it holds in the pnde 
and affection of the British people. The King personally deco- 
rated with the Medal of the Order of the British Empire the eight 
men still living out of the eighty-seven who during the century had 
won the Institution’s Gold Medal, the Victoria Cross of the 
Life-boat Service On its hundredth birthday, March 4, the Insti- i 
tution held a centenary meeting at the Mansion House Shortly j 
afterwards an international conference was held in London, at- I 
tended by delegates from eight foreign countries, while five of I 
them sent life-boats, so that, for the first time, an international 
life-boat fleet lay on the Thames At this conference it was 
unanimously decided that an international life-boat organization, i 
on the lines of the Red Cross Society, ought to be formed, and | 
that it was desirable to have some organization for savmg hfe j 
from shipwreck m all the maritime countries of the world. This [ 
resolution was brought to the notice of the governments of all ‘ 
maritime countries and of the League of Nations It was dis- j 
cussed at a meeting of the League’s sub-committee on Ports and 
Maritime Nawgation m the following year, at which the Institu- 
tion was represented by its secretary, and the sub-committee de- 
cided that it could best encourage the promotion of life-boat 
services by asking governments to induce their national life-boat 
organizations to keep in constant touch with one another For 
this purpose the sub-committee placed its own secretariat at their 
disposal Thus, a httle more than a century after Sir William 
Hillary launched his appeal for a national life-boat service, the 
international value of such services, and the duty of all maritime 
countries to provide them for the succour of the seafarers of their 
own and other nations, were fully and formally recognized. 

For the use of rockets m life-saving, see Rocket and Rocket 
Appakattjs (G F Sh) 


TEE UNITED STATES 

The Life-Saving Service of the United States was merged with 
the Revenue Cutter Service in 1915, the combined service taking 
the name of the Coast Guard (90). The Life-Saving System, 
while an integral part of the Coast Guard retains its distinctive 
organization equipment and methods of operation 
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Extent of Operations. — In the extent of coast-line covered, 
the magnitude of operations, and the extraordinary success which 
has crowned its efforts, the Life-Saving Service of the United 
States IS not surpassed b> any other institution of its kind in the 
world. Notwithstanding the exposed and dangerous nature of the 
coasts stretching between the approaches to the principal seaports, 
and the immense amount of shipping concentrating upon them, the 
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loss of life, out of a total of 178,741 persons imperilled by marine 
casualty within the scope of operations of the servnee, trom its 
organization m 1S71 to June 30, 1914, was 1,45s — less than — 

and even this small total is made up largely of persons washed 
overboard immediately upon the striking of vessels and before 
any assistance from shore could possibly reach them, or lost i" 
attempts to land in their own boats, and persons thrown into the 
sea by the capsizing of small craft 
In the service, next in importance to the saving of life is the 
saving of property from marine loss. During the period named 
vessels and cargoes to the value of nearly $300,000,000 were saved 
while considerably less than a quarter as much was lost Separate 
statistics of the operations of this branch of the service subsequent 
to its incorporation in the Coast Guard in. 1915 are not available, 
but with the marked improvement in equipment following the per- 
fection of motor-propelled boats, and the greatly extended radius 
of operation made possible thereby, the efficiency of the service 
has kept pace with the rapidly increasing volume of mantime 
commerce Bnef statistics of the operations of the Coast Guard 
as a whole during the year ending June 30, 1927, are given in the 
article on the Coast Guard The number of persons aboard ves- 
sels assisted dunng that year alone was 14 496, and the value of 
the vessels and cargoes was nearly $40,000,000 

The Massachusetts Humane Society, as early as 1789 
began the erection of rude huts along the coast of Massachusetts 
for the shelrer of any destitute persons who might escape deatt 
m the sea At first no attempt was made to provide means ot 
rescue but in 1S07 a station, equipped with a boat for use by 
volunteer crews, was erected at Cohasset, Mass , and additiona 
stations were placed at exposed points along the coast from time 
to time The Federal Government, soon after its organization at 
the close of the Revolutionary War, commenced the erection ot 
hghthouses, which were placed under the charge of the Treasury 
department, but it was not until 1838 that it was suggested, by 
two officers of the navy who had been assigned to make a genera) 
inspection of the lighthouse system, that life-boats be added to tht 
eqmpment of seven of the lighthouses, and it is not recorded that 
this suggestion bore any immediate fruits However, on March 3 
1847, Congress appropriated the sum of $5, 000 “for furnishing the 
lighthouses on the Atlantic coast with means of rendering assist 
ance to shipwrecked manners ” No steps having been taken tc 
expend this sum, the Massachusetts Humane Society in the follow 
mg year made application to the secretary of the Treasury anc 
was granted the use thereof. The society at that time representec 
that it was maintaining “16 or more life-boats on the coast at th, 
most exposed places, also a number of houses on exposed beaches 
During the period from 1849 to 1870 this society secured addi 
tional dppropnations aggregating $40,000 from Congress for thi 
prosecution of its work The society today maintains twenty-oni 
stations on the Massachusetts coast 
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Statioi! crews are composed of an officer in charge holding the 1 
rank of a boatswain, and; at a majority of the stations, from six 
to eight snrfmen, with a larger number, up to as many as fifteen 
at certain stations where the service is particularly arduous The 
number of men in each crew is determined principally by the 
number and kind of boats, the extent and nature of the coast- 
line to be served, the chmatK conditions at various seasons, and 
the amount of shipping in the locality Nearly all stations are 
now equipped with motor-powered boats. One or more of the 
members of the crew' are trained in the care, operation and repair 
of these engines, those so qualified being rated motor machinists 
Por this purpose there is maintained, at the ship repair and boat 
building yard of the service, at Baltimore, Md , a school for the 
special instruction of men who show an aptitude for this work- 
The surf men are enlisted for periods of from one to three years, 
after a thorough medical examination Ail stations on the ocean 
coasts are in commission and fully manned throughout the year. 
The floating station at Louisville, and a number of stations on 
the Great Lakes situated at harbours where shipping is in opera- 
tion during the winter months are in continuous commission. i 
Stations — ^The stations contain, as a rule, suitable hvmg 
quarters for the officer in charge and members of the crew, aad 
a boat and apparatus room Many of the stations, particularij' 
on the Lakes, have liiing quarters for the family of the officer 
in charge Each station has a look-out tower for the day watch, 
on the station building proper, or separately placed at a point of 
vantage In some places the dwelling and boat-house are built 
separately, and a number of stations also have additional boat- 
houses situated at danger points distant from the mam station 
Those equipped with the larger life-boats have kuncfaways or 
marine railways for the Isimthing of the boats direct^ into deep 
water, with power winches and cradles for launching and hauling 
out The Louisville station guards the falls of the Ohio river, 
where life is much endangered from accidents to vessels passing 
over the falls, and to small craft which are liable to be drawn into 
the chutes It consists of a dwelling with look-out tower, appara- 
tus room, and ways for small boats, the whole mounted on a 
scow-shaped hull Its equipment includes several river skiffs 
which can be quickly launched directly from the ways at one end 
of the station These skiffs are modelled much like surf-boats, 
designed to be rowed bj' one or two men 
Equipment — ^The equipment of the sfstions consists of the 
beach apparatus — ^line-throwing guns, hawsers, breeches-buoys 
and hfe-car — ^liag and pyrotechnic signals, heaving sticks and lines, 
hfe-preservers and life-boats, surf-boats and other special types 
of boats The outfits are practically the same at ail stations, but 
the boats are of various types, depending upon their suitability 
for rescue work on the different coasts The larger life-boats are 
too heavy to be launched from the beach into the surf, and launch- 
ing ways are provided for them where comparatively smooth 
water prevaiIs~on rivers, bays and inlets. Ilie surf-boats ai« 


! mounted on boat-wagons by which they are drawn to a point 
abreast of a wreck and launched directly from tne beach. 

Beach Patrol. — ^The system of beach patrols maintained at all 
stations is of distinctly American origin, and has proved of great 
value in the saving of life and property A fixed beat or patrol is 
laid out in each direcPon along the shore varying according to 
tne conformation of the coast wth respect to inlets, headlands, 
etc , from one-half to two, three or four miles in length. The sta- 
tion crew is divided into regular watches of two men each, who dur- 
ing the hours from sunset to sunrise, and during thick and foggy 
weather in the daycime, patrol these beats, keeping a sharp look- 
out seaward The usual schedule is first watch, sunset to 8 p M., 
second watch, 8 ? it. to midmghc, third watch, midnight to 4 - A M, ; 
fourth watch, 4 a M. to sunrise 

Positive evidence of the integrity of the patrol and watch is 
required. Where stations are sufficiently close to one another to 
permit the entire intervening distance to be patrolled, a half-way 
point is established, at which point each patrol-man must deposit 
a brass check bearing the name of bis station and his number in 
I the crew. This is taken up on the next visit by the patrol-man 
from the adjacent station, who in turn leaves bis check. The 
first patrol-man at night returns ah checks of the previous night 
ff'here the patrols do not connect the patrol-man carries a watch- 
man's clock or time detector, in which there is a dial that can be 
marked only by means of a kej'- which registers the exact tune 
of marking This key is secured in a safe embedded m a cost 
at the limit of the patrol, and the patrol-man must reach that point 
m order to obtain the key with which to register his arrivi. 

In some cases telephones are placed in half-way houses or at 
the end of patrols, by means of which the patrol-man reports 
to his station. In other cases the patrol-man is provided with a 
small portable telephone set with which he can, communicate with 
the station from any point along his patrol The Coast Guard 
owns and operates a telephone line system: consisting of 165 
separate lines, with a total miledige of approximately 2,650, in- 
cluding nearly joo m of submarine cable. Practically all of its 
stations, 160 lighthouses, and a number of other Government 
agenaes such as naval radio compass stations, weather bureau 
stations, etc , are served by these lines, which are connected with 
commercial exchanges for both local and long distance service 

Assistance and Rescue. — On discovering a vessel standing 
into danger the patrol-man burns a pyrotechnic signal which emits 
a bnlliant red flare, to warn the vessel of her danger The number 
of vessels thus warned ave'-ages over 200 annually The e.xtent 
of the loss of life and property thus averted can never be known 
^^Tien a stranded vessel is discovered, the patrol-man's Coston 
signal apprises the crew that they are discovered and assistance 
is at hand He then notifies his station, cither by telephone or by 
an electric hand flash using the telegraphic code When such 
notice is received at the station, the officer in charge determine: 
the means by W'hich to attempt a rescue whether by boat or beach 
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exceptlonaliy able tKiac when used in rescue work in biokcn waten 
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‘'*.','5 r'Cii'CC' on 'ut wreck an endess rope rove through a| siderable distance from the station This type of boat is also 
Ji -.\ock Si tit our by i; -^ith inscrucuotis printed in English j used extensively as a ship’s hf e-boat 

z'-i "ranch cr. a laJvbcard to make the rail fast to a mast or Special Service Boats,— Another type of boat in general use 
fc ev3.,;d portion ol tbs wreck ^ Ttiis^ done a j in. hawser j along the A^ew England coast is an open whaleboat comtnoniy 
,!)pd nn +r. K .1 f fenown as the Monemoy snrf-boat This boat is neither self^nght- 

mg nor self-bailing It is propelled by oars and sdls, and is a 
\ery seaworthy craft. A number of station.'-, arc sypplud with 
fast moforboais espeaally designed for law oniorccincnt duties, 
as distinguished from those here destnbed, of hcavici construe- 
tion and leas speed, provided for rescue work under adv'Cfse con 


;j tisw, an to '.he whip anc hatiled ad to the wreck, to be made 
.a~' c. n't.e abjve the 3)>-block. after nhreb the shore end is 
’b o\er c crotch by means of tackle attached to a sand 
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rrem this hav.'scr me bieecies-buoy or life-car is suspended 
anc draxn between the ship and shore bv means of the end’ess 


.rJ.-.- ;.r.=. ‘ ) I. " ^ vr t' ■' JJIUVJUCU i ui jcsiuo worjc unncr aov'Vfse con- 

can also be drawn ike a boat between j diuons of weather and sea in which Ihe pummcuiu nuisufcraUon 
‘-f ^ is seaworthiness and reliability of operation Others, .situated in 

I harbours, where the pnncir«l source of dangiT is from 


■impie TsrseQss ere furnished Dry dothmg, supplied by the 
’ .omer, s y^atReM Asm , is also furnished to survivors 
Boat Iquipment — ^.Al] stitms are ecuipped with boats 
nc.ip-ed ici special reqii.reKienrs of the diiferent localities and 
jC'...aicns ihe three pnnc.pal tj'pes of life-boats used in rescue 
'.'irn arc a seif-nghung ond self-baihng motor hfe-boat, a self- 
..<a:,.r,g moenr surf-hoat and self-haJing pulhcig boat. 

_^Tke mcMr Kle-bcat is s6 ft in length with an ovbmII beam 
V’ 2ppi-ox,ma£e draft of - ft 5 indies Its 

weight With job equipment, not including fuel and crew, is about 
:j me pounds. It is constructed of wood with m planking It 
J nu.'nercui water-tight co-npartmeats and has a 
wa.er-jg.: dec^ end compartments and a house over the engine. 
-A ircrj keei we.ga,ng :,Soo ib eiaends the full length of the 
and proteers me propeller and rudder from injury. A 

d.aii bo..t develops to the highest degree the sel^- 
Oaur-g anc seis-nghtmg qualities so esseaUal to a lift -boat It 

c m ;is . ° P^ch, and has a speed of 

t4 L,tJ W3idiPons Sails and oars 

r, 7';' aumhsiy use nnen needed This type of 

C'yat Is Vised az practicakv ah stations on the Great Lakes and 
aions me ocean coasts m localities where .sheltered inlets are avail- 
“1:" f ^ ^ or moored. 

iV; SU ia' ' 

The power surf-boat has a length of n a. - r 

:«au^pp,d,.-b,,o>,p gasolene engine £ke fc lA,; 

i5si£i~™S-K™= 

riissssrps 

•I®d m tvue of wl! pro- 

l^^tious where it 


Ln be Wbid imo rhir/enn T-SS- stations where it 
bcilinr generaHy used is the self 


— jr 1 '"’* ijuju 

accidents to pleahtire craft, are provided with skiifs at with 
small motorboats designed more panicuiarly foi speed 

(A T T } 

Guards .vno HousuHoro Troops 
I/IFE INSURANCE, a contract insuring the payment of 
money on the happening of any contingency, or one of .a vanefy 
of contingencies, dependent on. human life; as Ibis definition 
would, however, include contracts for annuities or pure undow- 
ments, h should be limited by the conditioa that one* of die coii- 
tmgencies should be death (except death by accident onh ) The 
sum insured is agreed upon at the outset and may be .icided to 
from time to time, out of profits or othervnsc ; hie insunmee 
therefore Mers in^characier from othei forms of insurance, the 
essence ot which is indemnity to the insured for actual loss 
incurred 

in assuranre is more commonly used than insurance 

ID connection with life contracts, the latter word being applied in 
general to conrracts of indemnity, it is not, however incorrect 
10 Use either word in any context 
Primitive Form of Life Insutance.~-The prinoDle thar 
^oups of persons should agree to make common cause Li4t 

Sne in operation,! an 

, , of chis nature was moreover, in its origin dictated 

SaTtef f>eca.me more widely organwed, the 

cu^IonTof "I f associations were asso- 

life mmranre -rnr nK n ^ reasons for existence. Modern 

nsk to be insured J T/3ompames, is concerned only wich the 

«^ca» but . fcdk E.“ fa Swcfas'' ““ 

meI?of?e3m^L°n insurance that is to say, the pay- 

SS dme?i!lrf “ 

decentburialof ami bS'S 


u?hi cmmrtments and deok abo’-e viater- contracts of hfe insurflurp^ fberef ore natural that the first definite 

ab>.e the load water fine with free- 1 business, stt^d ^ ^ -atter of 

nave Deea on the fives of manuen The earhest 
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contract of ii s tj'pe recorded to ha b en made n Eng and was 
efrected n 15S 

The First Coini>as.ies.~-An important step tvas the f oimdation 
in England of the first insurance companies The Ainjcable Society 
for a Perpetual Assurance was founded in 1705, but provided 
merely for the dividing up of certain sums between the representa- 
tives ot those trienibers who died each year The Royal Ebccbange 
xA.ssurance Corporation and the London Assurance Corporation, 
both incorporated Dy royal charter m rj’o, were, however true 
life insurance institutions, and, with the Amicable, held the field 
tor 40 years During this period they eftected only a moderate 
amount of life insurance business, also the contracti were still of 
the simplest nature being as a rule for a term of one year 

The period of scienimc insurance began with the foundation 
of the society in 1762. Until that date there had been 

no endeavour to graduate premium rates according to the age of 
the person insured, despite the obvious fact that such differentia- 
tion was called for The material for calculating rates was, 
however, m existence although it was imperfect Dr Edmund 
Plalley's tables based on the deaths in the city of Breslau m the 
years 16S7-91, and the death rates derived from the London bills 
of mortaiit}^ of the penod were the foundation of the society's 
first table of premiums it is moreover notable that m addition 
to ditterentiating rates, the society introduced the principle of 
making a policy renewable from year to year throughout life 
The success of the new venture was soon apparent in 1776 it made 
its first actuarial valuation of a'^sets and liabilities and returned 
part of the premiums paid to the insured by vay of Donus, this 
was the beginning of the with-profit system, which raighl have been 
much longer in making its appearance, had it not been for the 
fact that the rates charged by the Equitable were decidedly on 
the safe side, although in most cases substantially less than the 
£3 to £6 per £100 for a year's insurance which had been the general 
rule until 1762 

The Oambling Act, — The Life Assurance Act of 1774, usually 
referred to as the Gambling Act, is a highly important landmark 
in the history of life insurance Speculation in the hves oi other 
persons, particularly public men, had become something of a 
scandal 

The Act forbade the issue of policies in which the names 
of the persons interested did not appear and also prohibited the 
insuring of hves in which Ihe insuied had no interest, the path 
was thus cleared for the development of life insurance for provi- 
dent purposes onJy^its principal function 

The Equitable had the field to itself until towards the end of the 
century when the Westminster society was founded. This society 
instituted the principle of paying commission to agents lor the 
introduction of business 

Many offices came into e.wstence m the first half of the 19th 
centurj' — a natural concoroilant of the growth of tne joint stock 
enterprise which marked that period, incidentally the Joint Stock 
Companies' Registration Act of i S44 brought m a number of re- 
cruits, but many of these were mushroom concerns and most of 
the leading offices had commenced business before that date 

Events Leading to Act of 1870 , — There was little restramt 
or check cn the earher operations of the companies (the Act of 
1774 was a check on the insured, not the insurer) and it is there- 
fore not a matter of surprise that concurrently with many care- 
fully-maraged institutions, there should have grown up others 
whose e.visience was undesirable The description given by 
Dickens in Martm Chuszkwit of the business methods of the 
AnglO'Bengalee Disinterested Loan and Life Assurance Company 
suggests what may have been the state of affairs with certain 
offices , but it was not wholly a caricature Matters were brought 
to a head by the disclosure of the difficulties of two companies, the 
Albert and the European. Both these offices had been active in 
absorbing lesser concerns, and, in their greed for large figures, had 
in many cases paid unjustifiable prices to the shareholders of the 
companies absorbed, without regard to the interests of the original 
policy-holders or those to whom they subsequently became re- 
sponsible The Albert closed its doors in iSdg, and although the 
European did not do so for another three j^ears, its position was 


a factor n hastemng much needed legislation The provisions of 
the Life Assurance Companies’ Act of 1&70 are essentially those 
which ha\E gm'erned the business in Great Bntain ever since 
Like most acts of parliament, it has been subject to amendment 
as the result of experience and it wail probably be further amended 
in certain important respects by the bil of 1917. 

The Scottish Widows Fund Life Assurance Society, established 
in tSt 5, was the first Me insurance office founded in Scotland, 
where the business has. m propoition to the population, acquired 
even greater importance than it has in England 

Developmeat Outside the tTnited Kingdoia. — Life insur- 
ance on the Concinent, and in America, developed later than in 
Great Britain The first successful venture in France was made 
in 1810, when the Compapae d Assurances Chkrehs sur la Vie 
was founded In Germany, branches of English offices were operat- 
ing before the end of the iSth century, but the first German 
company was not founded until 1S2S As for the rest of the 
Continent, jus^- as the English companies had extended branches 
into Germany Holland and Scandinavia, so tne French companies 
pushed theirs info Italy. Spain, Belgium and Switr-erland, and the 
ejastence of the.'.e branches gave an impetus to the formation of 
companies of national origin 

In addition to beang served by English and Scottish offices, most 
of rbe British dorminons and colonies have developed life insur- 
ance institutions of their own and the dominion offices have also 
earned their operations with vigour into the mother country 

The Contract and the Policy.~The first step m the taking 
out of a life insurance pohey is the submission to the insuring 
company of a WTiften statement called a proposal, setting out 
particulars ns to the proposer’s age, health, past illnesses and 
family historj' The proposer warrants the correctness of his 
statements and the contract is voidable by the insurer should 
any of them pro\ e untrue In practice it is unusual for an office 
to make use of this power unless there has been a deliberate 
intention to defraud If there is a medical examination, the truth 
of the slatemenis made to the doctor is also warranted In legal 
terms, an insurance contract is iidemmae fidei, that is to saj’ 
based on the utmost good faith between the parties, and the 
proposer is bound to disclose all dreumscances material to the 
risk, not excluding any in regard to which he may not be specifi- 
cally questioned The necessity for this arises from the fact that 
many matters essential to the contract can be only within the 
prtvate knowledge of ibe person Gesir.ng to be insured 

Insurable Interest. — Another condition piecedeni tothe grant- 
ing of a policy is that the person effecting it should have an interest 
in the life to be insured, known as an insurable interest This 
arises mainly from (he provisions of the Act of 1774. Every adult 
person has, of course, an unlimited insurable interest in his or her 
own life, A wife has an uniinuted insurable interest in the life 
of her husband, and it was decided m 1909 {Griffiths v Fleming) 
that a husband has a similar interest in the life of bis wife Except 
in the cases named the interest must be pecuniary, e.g . the 
interest which a creditor has in the life of his debtor for the 
amount of the debt. 

The proposal, the warranted statements to the doctor, and the 
policy, constitute the entire contract between insurer and insured 

Modern British policies are simple in form, the essentia! facts 
and figures being incorporated in a schedule Of the many re- 
straints formerly m vogue, the only one m commen use is the 
restraint on suicide during the first rs months of the policy. 

Surrender Values, etc.— Under whole life and endowment 
assurance contracts, where the annual premium is more than 
suffiaent in the early years to oner the yearly risk, the office 
will return, after, on the average, twm years’ cash payratints, a sum 
known as the surrender value .As current risk and expenses hav^e 
to be allowed for, this is for policies of short duration considerably 
less than the total of the premiums paid An alternative is to 
obtain a policy for a reduced amount, free from further premiums, 
this IS known as a paid-up policy. Offices are a,s a rule prepared to 
lend back to the insured a proportion of the surrender value, go% 
to g5% , the maximum amount which can be thus lent is the loan 
value Under the laws of the Stale of New Yo k insurance com 
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A--: 55 s'e bourj- :g siGte la tteir policies ihe surrender value for 
&. n c; *te f.rst ca^ears and :iis is also done ■voiunlanly by tuany 
ccmriries, 


LIFE INSURANCE 


ace kr.cra as nca-forfeRu'e reguiaiions provide for the 
carve m full farce, tor a period, 'wicPout payment of 
of pcJcjcs carrying surrender values under which a 
I rtu'n nur.ibir of years premiums have been paid The period 
”1: h" f.r a 'car or it mc}. be icr a number of years until the 
'U'rcn^er 'ulue i? fc’diau'^tcd, a provision of the former type is 
ccitmvii iTi Great Bntain while the last mentioned plan is usual in 
vn -:”ic 3 

Pr joi c: ape, usually by the productior oi a birth certiheare is 
’■SQairtp this is best done at me outset, though it may be left 
-f’fu ihe joliCjf becomes a elaim 

Extra Risk — In between those risks which an office can 
,wLLpt at It? :a jj'ar rate of premium and thuse which are unac- 
ceotab’e le a iarpe body of ri^ which can oe accepted on special 
G'tns In Great Bntaai these are usually dealt with: (i) by an 
ifii-uca '0 the premium., (t) ay the deduction for a period of 
.-ears of a 'eve. o’" diirmishmg sura from the amount insured — 
iescrlred as a eebt The assessment ot these risks is a matter of 
great dim.iuity, but special researches into the question of over 
ard under weight, cancer nhtius.s circulatory disease etc , are by 
d..srees mating tne treaiment of the problem less empirical In 
\ner2ta ths tuesaon is usually decided by a system of mimencal 
rat-ag, poi.tve and negative marks oeing given for diSerent qual- 

t. ta and defects, while in certain. Continental countries under- 
average lives are sometsmes dealt with by reinsurance companies 
or pons, created ai hoc 

Ettra risk cue to the surroundings or occupation of the msured, 
as dist.r :t irorn his individual peculiarnea, is of a different nature, 
nw.ra prenijurr’s are charged for certain tropical countries, remov- 
acie as a rule o.n return to a healthy climates and in any case 
a*tsr a penod of y ears these are .cnown as climate esiras, but the 
portion ot the worid tc which they' apply is an ever contracting 
one. The adcitionai nsk lor the army and navy can usually be 
10’' ered by a moderate extra ys to ics per £ioo per annum 
Duvab.e in peace dsae. so further extra is then demanded on the 
outo'eoi of war The extra to oe charged for ihe Air Force is 
sMl in process of evolution. Other occupations regarded as extra- 
naiarcuus are the liquor trade, and to a less extent, seafaring 
FOTOe^ty It was usual to charge an extra to women under 4a 
-T. persia who has no dehmie prospect of going abroad or 
tngagiE? in a hazardous occupation is given a policy which is 
termec wona-widc and indispurable, ana no climatic or occupa- 
Ntm extra can thereafter be charged under such a policy no 
iTui'er ’Sihere the msured goes cr what he does 
Difittent Types oflnsurance.-Life insurance policies may 
lor ^ sum throughout, or they may share in the profits 

m me ccirpany, such pronts being allotted m the form of cash 

0 ” reductions of the premiums In 
ue {.lowing bnet descriptions oi the principal types of pobey 
kT!" f f employed as being that in common use ^ 

H' J 4® term is used without quahfica- 

IFAjfe life by Limited Payments— The sum in 

u. s(>>£ Endcvmcm Asi'urafore —As above, extent that the 

S'lShT ''' ^ double that payable 

®s«red IS payable when the 
h-t anses out of a grouo of two or more persons. Effertea 

J l„ p,ov* . tad on the laa, Of o,S 

-a. p^io oS"?, I’lSZ 

to that of a child s educatnm 


! Options— k term assurance premiiim may be incrodsed so as 
I to ailo’W the insured to continue the policy at the end of a ceitam 
period as a whole hie or endowment assuiance at normoil rates, 
whatever may then be his or her state of health 
Deferred Aisiiimice — Childrens lives may not be insured 
except for small sums under industrial policies A detened 
assurance policy may, however, be eflected undei which premiums 
are returnable in the event of the child’s death before age 21 
and which the child can continue after 21 as a whole hte or 
endowment assurance, irrespective of health 
Group Assurance. — Insurance for a certain stun on the life 
of each member of a group of employees, usually term assurance 
renewable yearly, the sum msured often being one year's wages 
Certain special benefits are sometimes offered concurrently with 
life insurance Disability benefit involves the suspension of 
premium payments during permanent disability and in its most 
developed form, the payment m addition of a monthly sum to 
the msured, usually of the sum insured, vvithouL prejudice 
to the ultimate payment ot the sum insured in full I'roe medical 
overhaul at intervals and financial a.ssi.sUnce towards surgical 
treatment are further examples of special benefits offered by cer 
tain offices. 

Pure endowments, payable on survival over a certain period, 
are not strictly life insurance, but the gumting ol these forms 
part of a life insurance company's business 
Institutions Granting Life Insurance.— 
santnee insMutions are without shareholders and all jnoJit.c go 
10 the participating policy-holders 
Proprietary kje insurance imtituhons cue iiominalJy (.onlrolkd 
by shareholders, who however, only receive ,as .1 rule alwu't .jGi 
to 10'% of the profits, the remainder going to (he participating 
policy-holders 

Composite offices are those which tiansact moic lhan one kind 
of insurance; they are, as a rule, proprietary 
Mortality Tables,— As this subject is dealt with under the 
heading MoRXAup Statistics (g v ), the following lemaiks will 
be connned to a brief descnption of the principal tables used la 
connection with life insurance, 

Breslau Table Used by the Equitable society foi its first ore 
mium tables 

Northampton Table— -Basad on deaths in Northampton, 1735- 
So Constructed on unsound basis, but erring on the safe side 
When issued m connection with insurance contracts. The standard 
table till 1815 

Carlisle fchfe,-— Based on census and death records in two par- 
ishes 01 C^hsle 1779-87 The standard table till r&72, and used 
alter tJiat for valuing reversions etc 

Seventeen Offices Table —Constructed m 1S3S from the expt- 
Britain°^ insured lives, but used more in America than Great 

A experience of insured 

livesi86^£^^ Th^i experience of insured 

. The standard table from r 903 onwards 
American Experience Table— Published in 1867 Adopted as 
standard in several States of the USA ^aopred as 

T/iirty Amencmi Offices TaWc.— Based on the experience of xo 
iUneacan offices and published in 1881 experience of 30 

Morrafey InvcsUgatmi-kn m- 

D^vnatmil ffi,; ^ insurance companies 

diseases and occumtin^^ 'weight, and various 

^^s^ses and occupations, were analysed and published in 1903 and 

, Sn«”) ^ 

* The Vn^ f ? . ^ European, have been compiled, 

' P^^Ecukrs taken from 

P Ho l^tated by mechmucai devices ai the 

and Ho enth calculating sortmg and tabulating ma 
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chines Graduation, that is to say the removal or smoothing corin , 
of irregularities not inherent m the data is the nest step, and the ^ 
tables in use by actuaries are eventually compiled b> assoaatmg [ 
the graduated rates of mortality with various rates of interest to 
form what are technically known as commutation functions, the 
shaped bricks of the actuary's stock-m-trade, the combination of 
which in various ways enables him to compute his rates and value 
his risks Select tables, as distinct from aggregate tables, are those 
in which the duration of the policy as well as the age of the in- 
sured is taken into account, effect being thus pven to the light 
mortality resultmg in the earlier years of msurance from the 
elimination of unfit lives 

New life insurance tables are in course of preparation W'hich 
will unquestionably render the 0™ table obsolete 

Life Iiasufanee Legislation. — The following are the pnnapal 
British Acts relating to life insurance . — 

The Life Assurance Act, 1774, which stopped gambling insur- 
ance 

The Life Asstirance Companies Act, 1S70, which was amended 
by the Assurance Companies Act, igog, is to be further amended 
by the Insurance Undertalttngs Bill, rpny ("drafted by Depart- 
mental Committee, but not yet [1928] introduced to Parliament) 
The essential provisions of the Act of 1909 are (i) deposit of 
£20,000 with the High Court (2) annual balance sheets and 
revenue accounts m form prescribed, ("3) valuation returns m 
form prescribed at least once m five years (4) separate funds for 
life business, fire business, etc The most noteviorthy additions 
of the 1937 bill are (i) separation of assets of different classes 
of business as well as separation of funds, (2) more detail and 
greater uniformity in returns, (3) powers enabhng the Board of 
Trade to initiate steps for wmdmg up an apparently insolvent i 
company. 

The Policies of Assurance Act, 1S67, regulates the notification 
of dealings with pohcies to the msurance company 

The Married Woman’s Property Act, 1882 {Clause ii) and 
the Married Woman’s Policies of Assurance (Scotland) Act, 
j88o confer certain powers on married women enabling policies 
to be effected for their benefit on their own lives or those of their 
husbands 

The Life Assurance Companies {Payment into Court) Act, 
iSp6 enables life assurance companies to pay money, the owner- 
ship of which IS doubtful or m dispute into Court in certain cases 

The principle of Bntish legislation is freedom combined with 
publicity 

The legislation of most of the British dominions and coiomes is 
modelled on the Act of 1S70 and amendmg acts An additional 
provision met with in dominion legislation is the protection of the 
first £1,000 to £2,000 of life insurance, unless specifically pledged, 
against a deceased man's creditors. Canada follo'ws the American 
model In Australia insurance is regulated by the laws of the 
different States, m 1928 there was still no Commonwealth legisla- 
tion, but the Government had announced its intention to remedy 
this defect It may be noted that New South Wales had no specific 
legislation regulating life insurance up to 1927 

Legislation on the Continent of Europe is as a rule more re- 
strictive than that of Great Britain; m general it imposes a basis 
of valuation and places bmits on investments. 

Premiums, Reserves and Bonus Distribution. — ^Although 
in practice his functions axe much wider, the primary business of 
the actuary of a hfe insurance company is to calculate premiums, 
value risks, and deal with the distribution of profits The basis 
of an office’s tabular premiums is a pure or net premium, “loaded” 
to provide for expenses, and, in the case of with-profit premiums, 
for bonus additions also; the margin for contingencies is, from 
the nature of things, larger for non-profit than for with-profit 
premiums The annual premium for a whole life or endowment 
assurance is, owing to the fact that the nsk increases from year 
to year, larger at first than is required to meet the bare risk (le, 
the policy's contribution to the claims expected in the year) and 
from this there anses the necessity to set aside and invest the 
balance, the amount so accumulated is called the reserve The 
excess 'ntcrest earned and the saving of raortal'ty and 
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(relatively to the assumptions on which the premiums are based), 
provide the main profits, to these there may be added certain 
extraneous profits, such as those arising from non-profit business 
The different methods of aUocting surplus have already been 
described, and there are various plans for dealing with bonus 
which is distnbuted by the reversionary bonus method, that is 
to say by way of additions to the sum insured The pnncipal of 
these are — (i) The simple bonus plan, which provides additions 
at a given rate for each £100 of original msurance and each year 
(within the valuation period) of duration, (2) the compound 
bonus plan, providing additions at a giv en rate to the sum assured 
and previously declared bonuses, (3) various contribution plans 
which aim in theory at a return to the insured of the surplus 
actually contnbuted. The tendency is for the valuation period 
to shorten, pnor to the Act of 1909 the maximum was seven 
years, but that Act reduced it to five, and there is a growing 
incimation towards triennial and yearly distributions It is ob- 
vious that while in non-profit business the rare charged is the 
mam consideration, wiih-profit rates should be judged m relation 
to prospective bonus results, and that a high rate for a with- 
profit prermum is not necessarily an uneconomic one 

Finance and Investments. — ^The investment of the funds of 
a hfe insurance office is one of the most important duties of its 
administration, and it is on the successful accomplishment of 
this function that its bonus earning power, and, in the long run 
its general prosperity, depend The pnmary essential is securitv 
of the capital, and, subject to this, the earning of the highest 
rate of interest practicable. Formerly it was held that a hfe 
insurance company should keep a small proportion of its assets 
in readily convertible securities, but under normal conditions this 
is not really necessary, as the income of a progressive company 
exceeds its outgo and it is moreover in a position to obtain without 
difficulty all the credit it is bkely to require to enable it to meet 
an individual emergency or to take advantage of an investment 
opportunity. In this respect its position differs from that of a 
bank and also from that of a fire office, w'hich must always be m 
a position to meet the loss occasioned by a big conflagration, such 
as the San Francisco fire of 1906 The analogy m the case of hte 
insurance would be an epidemic comparable to the plague a 
negligible nsk 

Mortgages are highly suitable investments and generally absorb 
on the average rather more than a quarter of the funds British 
government secunties also account {1927) for about a quarter of 
the funds of ah companies combined, but this is largely a result 
of the war and the proportion is diminishing Home railway de- 
benture and preference stocks are much favoured and sound 
mdustnal debentures are also bought to a certain extent. There 
are, moreover, certain types of security which give little or no 
immediate yield from interest but are certain to appreciate m 
value, such as low yielding redeemable stocks standing at a heavy 
discount, and reversionary interests, these are unsuited to the 
private investor, but thoroughly adapted to the needs of a life 
insurance office. As the funds commonly run to many millions 
of pounds, those responsible for their investment are of course 
able to effect the saving which anses from being able to under- 
write new issues and to take up large hnes of stock on. preferen 
tial terms Ordinary stocks and shares are engaging a certain 
amount of attention but only figure to a modest extent in life 
office balance sheets 

Amalgamations — ^The amalgamation and transfer of British 
hfe insurance business is regulated by legislation The tendency 
of recent times has been for companies not to absorb other con 
cems but rather to secure control of them by acqmsition of shares 
and so to avoid the amalgamation procedure necessary under the 
Act of 1909 A provision of the Insurance Undertakings Bill is 
that investments in and loans to controlled companies must be 
shown separately m the balance sheet, the sanction of court must 
be obtained for any fresh purchases of insurance stock or shares 

Expenses. — The expenses of a life msurance company are 
usually measured by comparing them with the annual premium 
income The percentage thus arnved at is the expense ratio and 
-t '9 generally m the neighbourhood of The expense ratio 
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has been remarkable AH war losses have been dealt with, and as 
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tax, at 3 higher rate than before the war, and mortality becomes 
steadily lighter, bonuses are on a higher scale than at any time 
in life insurance histor}' Expenses have been brought down 
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American offices from the United Kingdom, has resulted in an 
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s ock compan> -was rhanged to mutual 1S4 began bus nes'j 84 
and was renamed New Yo k L fe In urance Company 1849, 
Othe early ompames were the Mutual JSenefii, 1845 Con- 
necticut Mutual, Penn Mutual and State Mutual, all 1S47 
Gfowtii and Initittjtioas. — There are now (192S) over 300 
companies with assets, as of Dec 31, 1927, of over Sie 000,000.000 
and insurance in force of over $90,000,000,000; in 1927 the pre- 
mium income was nearly $3,000,000 qqq and the new msurante 
issued about $19 000,000 ooo All but about 50 are stock com- 
panies but the list of muiual companies includes almost ail tne 
very large companies so that about $61,300,000 000, or over two- 
chirds of the total insurance, is earned bj' thete mutual organiza- 
tions. In addition to the regular stock and mucual companies are 
fraternal as 30 i.iations, pximaiily .-ociai or fraternal in character 
with about $10,000,000 ooo in. lorce and assessment associations 
and stipulated premium companies with relatively small amounts. 

Types of iosuranee. — ^The life insurance now m force m the 
regular companies is made up of (1) ordinary, fe) mdustnol and 
(.37 group ‘ Ordinary,'' issued by every company, includes poliaea 
for Si, ooo or more with premiums payable annuallj-, semi-annually 
or quarterly (or in rare instances, monthly) ‘'Industrial,” most 
of which IS m three large companies, is that paid for b3' a weekly 
premium of a multiple of five cenis, collected at the policy-holder’s 
home “Group."’ the greater part of which is transacted by ten 
companies, is that issued to in employer to cover -a stated mini- 
mum number of emploj'pes on some underwriting plan precluding 
inditidual selection. The insurance m force at Dec, 31, 1927, 
may be roughly sub-dndded into $67,000 000,000 ordinary, $15,- 
000,000 ooo industrial and $ 3 , ooo 000,000 group 
State Legislatioa and Supervision. — An outstanding fea- 
ture of the Me insurance business in the United Slates has been 
the growth and character of State (as di-stinguished from Federal) 
legislation and the degree of supervision implied thereby Each 
State has power to prcbcribe the terms and conditions upon which 
the insurance business may be conducted in the State and as a re- 
sult insurance deparlraenis and codes of laws have eiolved. The 
administration of the insurance department and the execution of 
the State law are in the hands of an insurance commissioner or 
superintendent of insurance whose powers and duties are defined 
by law The general objectives are safety and equity to policy- 
holders and economy of operation. 

Charactet of State Xaws, — ^The New T'ork law leading 
article for salient features) is of special significance because about 
go% ot the insurance in force in the United States companies and 
85% cf their assets are m companies authorized to operate m 
New A'ork The hraitations on amounts of new business and of 
contmgency reserve are peculiar to New T'oik Wisconsin also 
has an expense iirrucation and some other distinctive provisions 
Colorado and Oregon permit the full preliminary term method of 
valuation winch allows a laige nia’-gin for mitiai expenses and 
reduces the resene Illinois and several other States recogmze a 
modified preliminar-y term method which produces smaller margins 
and larger reserves on the higher-priced policies Texas requires 
companies doing business therein to invest in Texas at least 
of the reserves on Texas business Mmnesoca policies must pro- 
vide that the company may defer a policy ]oan not more than six 
months from the time application, is made therefor These speci- 
men provisions will ifius crate the oiversity of State laws 

Agency Metliods. — The growth of life insurance in America 
IS largely due to the deielopment and eftectiveness of the agency 
systems, of which theie are two types, (1) general agency, under 
which the total field agency expense is paid to a general agent for 
i specified territorj- — city, county, State or group of States — 
who pays all expenses including sub-agents' compensatioa, the 
margin being his profit and (27 branch oflice or managerial, wbere- 
imder the compensation of aub-ageaits and ail other organization 
expenses are paid by the company through a salaried manager 
Pittances and Ittvestmeiits. — Investments being governed by 
State laws, diner widely but in general are hmited to (i) real 
estate, (3) mortgage loans, (3) collateral loans, (4) Government, 
State, county and municipal bonds, (5) mortgage bonds of railwiay 
and other commercial and industrial enterprises. (0) to a limited 


ex en preferred stocks and, -0 a sul! more limited extent coin- 
j man stocks of the corporations referred to in (5) and (7) pohey 
loans 

I Taxation. — -State taxes, aside from licence fees, usually con- 

sist of a tax on premiums collected m the State of from 1% to 
j 3% IS used by about half the States) with varying mtei- 
pretabons as to what constitutes “premiums ” Reciprocity usually 
affects the application of such laws as between States. Massachu- 
setts is unique m levying a tax (~%) on reserves The Federal tax 
is an income tax, now (193S) xifo of the total income from inter- 
est, dividends and rents atter deductmg Tax-exempt interest, 4% 
of mean resen'e fund for j’ear, dundends on stocks investment ex- 
penses paid, taxes and other real estate expenses and minor items 

Wax aad Post-Wax Experience, — ^^'ar mortality was not 
senous even for the few companies with extetisive foreign business. 
For the latter the depreciation of foreign cunencies more than 
offset extra losses The influenza mortality of 1918-19 was ex- 
tremely severe, amounting to about $110,000,000 on the com- 
panies doing business in New A’ork State. Post-War develop- 
ments have included an enormous expansion in volume of busi- 
ness, the lowest mortality ever experienced, and 3 progressive 
decline (since about 1920) in the interest rate with, corresponding 
appreciation, of security values. 

Bibliogbapey — National Tratsmal Congress Tadlo. based on experi- 
ence of some of the^ largest and oldest fraternals and largelv used m 
valuing liabilities of fraternal societies (tSoSj , Siandard Indvstruil 
Tabb, bttsed on indiistnai esperience of Metropolitan Life, 1896-1005, 
recognized by New York as the valmuon standard for mdustnal 
pohCiCs 11907 ) , Antencan-Csnadsa's Mortahty Iwoesngaiion, cora- 
1 piled by a joint committee of Actuarial Society of America, Amencan 
Institute of Actuarjev and National Conventicm of Insurance Com- 
missioners in response to a request of Ihe latter for a table e-diibitmi: 
recent mortality amcag American insured lives and based on expen- 
ence, rgoo-xs, of new and old standard business of about 60 American 
and Canadian companies (igrS-igl. Many tables were denved (See 
the mortality tables listed in the article on p 53 ) 

Chief repositor.es of both technical and general articles of current 
and permanent interest are Transactions, Actuarial Soc of Amer.; 
Record, Amet Inst of Actuaries; Pwc-eedings, Ass of Life Insurance 
I Presidentr, Proceedt'igs. Assoaahon of Life Insurance Medical Direc- 
tors, Proceedings, American Life Convention For statistical sum- 
maries ~RepoHs of the insurance departments of New Y'ork, 
Massachusetts ana Connecticut, Life Insurance Year Book, Spectator 
Company of -New York For information regarding policy foiius and 
other details of company operations, including current dividend scal^ 
Sandy Guide, Spectator Company UmqhC M anuaXStgest, National 
i Undemnter Company, For critical review of comp.any operations- 
Life Insurance Reports, .yfred M Best Company, For actuanal text- 
books and reports- H Moir, Life Insurance! Primer, J. B Maclean, 
Li)e Insurance, Aciuanal Stuh-es, reports of snecialized, medico- 
actuarial and American-Canadian mortality inveatigations, Actuarial 
Society of AmenvX, For mveitinents L. W Zartman, Investments of 
Life Insurance Companies For msurance law A. J Parker, Insurance 
Lituj of Neic Fork, Corpus-Iuris find- Cyclopedia of Laic and Proce- 
dure, American law Book Company f J. S. T) 

I LIFE lABLES. It has long been recognized that there are 
1 certain influences tvhich normally affect the duration of hfe, and 
i that for a large number of inditiduafi of a homogeneous class it 
is practicable to frame an estimate of their mortahty erpeuence 
Such estimates at first were based on confecture rather than 
oa the scientific analysis of observed facts This appears to have 
been the case amongst the Romans who had tables for caiculating 
the values of life interests, and no more authentic bases seem to 
have been discovered until towards the end of the 17th century 
The first approximately accurate mortality tables were compiled 
by Edtnimd Halley, and were based on the records of baptisms 
and deaths in the city of Breslau m Germany. About half a 
century later, De Pardeux published hzs Essat sun les probabiMes 
de la Duree de la Vie Humafne in which w’ere incorporated several 
mortality tables winch were for many years in general use in 
France Meanwhile De Moivre bad propounded his well-known 
theory of the law of mortahty, “that the number of lives existing 
i at any age is proportional to the number of years intercepted 
j between the age given and the e.xtremity of old age ’’ As he 
assumed that S6 was the iin-uting age, according to his Ubie the 
number living at any age a was 8b~x, 

I In ij6: the Equitable Society (London^ was formed and the 
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vrii noi bo's'e'ver, j Sex ta another element to de taLeri 

Dr Price for ' mortabty is generally lighter than that of males Certain special 
classes of lives are subject to abnormal mortalsty rates Race, 
social status occupation, degree of urbanization or 
(f population, housing conditions and othei aspects of 
pni frppB-j-gphical situation, tjpes of various diseases, are 
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A Mortality Tabie^Tais corsiso of two columns rfioiving j connection with the experience of assured liv’es is the variation of 
ed nonbis of biahs, surviving and ' mortality according to duration of assurance Before a life 

- . -- - -ge. The term hte (abk m | assurance policy is issued, the proposer is usually required vo 

ndr.- c'.jC' any collecuon of coiumns of 1 undergo a medical examination or at least to furnish satisfac- 

!, I'hrn,' 'ne con'lrgencies The rao terras are how- j tory evidence nf good health At entry into insurance the policy- 
’ j-ed fridj^triTinaiely ir. e/tier sense. ' holder is therefore a “select’' life Select rates oi mortality vary 
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urcxur af iite. The siatx^iics relating to the e’eneral 
x--; vjhject to mfsswiemsnt of age and other inaccu- 
t's inc it frequemiy hmjpens that the infonnation is available 
mb' m croJps of ..ess a circumstance w’hich necessitates the 
R-fitvisnrr o: me group ficures into numbers at indradual ages 
To. .'uxuers ho± ci tire papaauon and the deaths are invariably 
. ecordt ■: jccormng :a cge last biriday On t’ne other hand, the 
iam ol'taioe'; from asstrcsce compjries are compiled from the 
re<.crd= af pcrcy-holders who are usually required to 
lurniia evidence or riiwr age before '•he contraa is conmleted 
The n.mberj Ilvmg at each age. feow.r as 'the exposed to risk," 
tir, tuateisM'., ae scheduled according to neareat age, age last birtb- 
Jav . or cr.j criisr arrangement that may be convenient. 

Tr.'; timj.tior.s most usuaily lacudec m a life table and their 
rciaticrs to cna ancther are. — 

the number of petsoijs surviving at exact age .r, 
dj.=tce dciths in the jear of age j; to x-j-: among the 4 per- 
soas wLo enter on that year, 

- J 

— > the probaoiJity of a person aged j: hvuig a year, 
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according to age at entjy' and duration of contract, and a “select 
table’ IS arranged in a form showing the select rates converging 
rnu-arftc xr,r? nnaliy running in to the “ultimate" rates which vary 
\\Tjen the ettects of selection are ignored and all 
the data irrespective of durauon are combined m one mortality 
e.tpenence, the table :s designated an ' aggregate" table. 


protabiLtv' jf a person aged s: dvmg in a year, or 


:he nte oi mortsiit}’ at age x. 
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the complete expectapon of life, or the total 

: attire life-nme waich or the average will be passed throueh by 
a person sgea medy x - a 

.ictucries ir^qt^dy use tables involving other decremeatal 
mnes opTOimg m ccnjucction with mortahtv, eg. marriage 
wriowhooe, remarriage end wntidtawal ^ ' 

by obtain- 
ing t.om the observauoii af a number of persons over & limited 
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Separate tables have sometimes been con&irutttd by excluding 
the first five years’ experience from the dula oblaraed for the 
aggr^ate tsbles, and are called ‘ truncated aggregate” tables. 

Waen it is desned to compare the resulrs of different investi- 
gations of mortality experience several critem may be adopted, 
eg. (ifl, the rates of mortality at selected ages throughout the 
table tf>) the number of smvivors at selected ages, (c) the prob- 
ability of sundving a specified term of years irom the atlamment 
of selected ages, and (d) the expectation of life at selected ages 
Of these criteria (cj is, perhaps roost generally jatisf.ielory 
One fedture whzch has b^ea disclosed by successive zzjvt'Siiga- 
lions of ihe mortality expenence of lives of the umo chss ;s the 
progressive improvement m vitality, the later mvestig-Hions al- 
most mvanably reveahag the lighter rates of morUhty at all 
ages There are no indications of any retardation in this lendcncy 
I and m several instances endeavours have been made to force, ist 
Its ettects in the one case by a definite modification of tiro rofes of 
mortality directly deduced from the expenence, and m the oUier 
by a suTteble adjustment of the annuity values 
Standard Tables,— Brief reference may now be made to the 
pnacipal^inoriality tables. ' ® 

The Aorthampton Table was constructed by a method which 
rIS hT"^ Psrtiaildrly at the higher 

SS'bl measure of mortality 

^a lable for many years and the assurance comnanics which 
periorce had adopi u as the basis of their scales of nremiuro 
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SiLlUnLriv ^ stausucs are pre-eminent 

venous £bles 

three successive Bealthy EnzlisJ^LiIc P^^P^^ed, c g., the 
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exper ences of the Equ table Soc ety of Loadon Tables n geuera 
use ha e ho ve er oeen comp led from the comb ned eTper^ence 
of a number of L fe OlSces The first table of this aatare was the 
Seventeen Off.ces, or Actuaries' Table. The date of the close 
of the observations was Dec 31, 1S37 It was a weakness of this 
table that it was based on contracts a large proporUon of which 
were of short duration 

A more eztensjve investigation, that of the combined expen- 
ence of 20 British Offices up to the end of JS63, was carried out 
by the Institute 0} Actuaries Two very important tables were 
obtained from this investigation, those relating to healthy male 
Uses, the aggregate H'“ table, and the truncated aggregate H””®’ 
table Dr, Thomas Bond Sprague later prepared a select table, 
the H"®’, based on the assumption that the experience of the first 
five yeais of assurance could be linked up with the espen- 
ence Assurance business in Great Britain, was for many years 
conducted on the basis of these tables 

The most recent invesiiganon of the experience of assured 
lives in Great Britain is that known as the British Ofices Ex- 
penenct,, compiled from the experience oi 6a British Offices dur- 
ing the period iS 63-93 This investigation w'as earned out on a 
most elaborate and comprehensive scale, and the volume flescrib- 
ing “TAc Pnnciples and Methods"’ adopted is an indispensable 
handbook for all sltidents of hfe tables The prinapal tables were 
the select and the 0® and aggregate tables, and the 
Ori!>tii select and aggregate tables, based on the experience of 
participating and non-participating policies respectivelj The 
mortality of other types of pohcies was also investigated, and 
indicated that generally the contracts with the lowest rates of 
premium shoived the highest rates of mortality 

The mortality of annuitant lives was also examined, and the 
results published in ttie and tables, which displaced 1 

the tables derived from the earlier Gowrnmeut Life Aimatiani 
investigations as the authoritative standard for annuity contracts 
These tables are, in turn, bemg superseded by the Life 0 §,ce 
Annuitants ipoo-ig^o Tables and and those based on 
the contemporaneous mortality experience of Government Life 
Annuitants In the United States the most recent authontatix'e 
table for annuitants is the “Amencan Annuitants’' table, compiled 
from the experience of ao companies carried down to the year 
rgtS {See Aisnuity ) 

In the United States the table vchich in addition to the Seventeen 
0 $ces or Actuaries Table is used as a standard mortality table is 
the American Experience Table, jS 6 S, compiled by Mr Sheppard 
Homans It was intended to represent the death rate among 
insured hies m Amenca after the effects of medical selection 
were eliminated, and has been universilly employed for valuation | 
purposes 

The most recent American mvesrigation produced in rgiS the 
American Men Mortakty Table, derived from the expenence of 
59 companies dunng the period 1900-19 15, which has already had 
a great influence on the operations of American insurance com- 
panies. 

Bibliograpiiv ' — The Jnstitutc of Actuaries, Text Book, Tart II , 
by hlr George Kmg has lor nearly half a century been recogniaed 
throughout the world as the standard work on life contingencies. 
Life ConUngenctei, by Mr E F. Spurgeon, is a more recent textbook, 
published by the Institute o£ Actuaries as the successor to Mr King’s 
work. There are numerous papers in the Journal of the InshtuU of 
Actuaries, and in the Tramachons of the Faculty of Actuaries The 
Theory of the CcnsTkctton of Tables of Mortality, bv the late Sir 
G F Hardy, deals particularly with graduauon Principles and 
Methods volume gives an account of the British Offices expenence 
and in Mortality of Annuttatds, ipoo-ipao, selection and future 
improvement m vitality are discussed. All these as well as nmnerom 
volumes of life tables are published by C- and E Layton, London 
A useful non-technical wmrk, “The CanstrucUon of Monahty and 
Sickness Tables— a Primer, by W P Elderton and R C Fippard, 
IS published by A and C Black. London The English Life Tables 
are contained in. successive Decennial SupplemenCi to the Reports of i 
the Registrar General, published by the Stationery Office The English i 
Life Table No 9, together with a Report on Li}e Tables, by Sir : 
Alfred W. Watson, K C B , the Government Actuary, is contained in j 
Part I of the 1921 Decennial Supplement. The Mortality of Gmem- 
ntent Life Amuitanls, rpoo-xpao, is also a Stationery Office puhhca- ] 
tion. The Actuarial Society of America has published a number of i 


VQ utaes on the n estigaton of mortality c.xpenence, and the Trani 
a.— o.u of the Society include many important papere. Other woiks 
on life tables see included m the publications of the Spectator Companv 
of New York (P G. B 7 

LIFT: see ElevJIToss 

LIGAMENT, anythmg which binds or connects two or more 
parts, in anatomy a piece of Lssuc connecting different parts of 
an. organism (see CosmernE Tissues, Joikis xkd Ligvitexts) 

LIGAO, a municipabty (with administration centre and 17 
barnos or districts), near the centre of the province of Albay 
Luzon, Philippine Islands It is situated on the railway runmiig 
to Albay To the oast is the Mayoa volcano, which has the most 
perfect cone known and which in June 1928 w^as once more m a 
state of eruption The rich volcanic soil produces great quantities 
of abaca, rice and cocoanuts. In 1918, it had three manufactunng 
establishments, five nee m Jis and 50 household industry establish- 
ments wnth outputs valued at 37 000, 1^3,500 and 30 500 pesos 
Of the four schools, three were public The language spoken 
is Bikol Pop (191S). 21,467 

LIGGETT, HUNTER (185 7“ ), American soldier, was 

bom at Reading, Pa, on March 21, 1857 He graduated from 
fhe U S- Military Academy in 1879, and saw service in the west 
against the Indians. In the Spanish-American war m 189S he 
served on the staff of the adjutant general, and later was in the 
Philippines where, as major of volunteers he served for three 
years In 1902 he was appointed a major in the regular army and 
spent severd years with the department of the lakes and at Fort 
Leavenworth In 1909 he attended the War college, and on bring 
graduated m 1910 was appointed a director there and m 1913 
president, becoming brigadier general iu the same year From 
1915 to 1917 he was again in the Pkiippines, being for one year 
commander of the department In J91 7 be was made major gen- 
eral and commander of the western department, bat in September 
went to France as commander of the 41SI Division of the Ameri- 
can Expeditionary Force. He was sc the second batrle of the 
Marne, at St Mihiel and in the Argonne, commanding the I Aimy 
Corps and later the I Army, and commanded the III Array of 
Occupation on the Rhine, In, 1919 he was commander of the 
Western Division, and m 1920 commander of the IX. Corps area, 
retiring on March 21, igrr, with the rank of major general 

LIGHT, subjectively, the sense impression formed in the eye 
(See V1S10X-) The present article deals with it purely objectively 
and IS concerned with the more fundamental characteristics of 
light and optical instruments For the more practical applications, 
which are not here discussed m detail, see Optics, TEtEscoPE; 
MXCR0.SC0PE, IxTEEFEHOMETEn , Pil 0 T 03 £LTEY The SUbjfiCt IS 
conveniently still further subdivided according as to whether we 
are more interested in how the light originates or how it behaves 
after it has been emitted The first subject is treated under 
RaniA-riON, Theory of; and Spectroscopy; the present article 
is chiefly concerned with the behaviour of light after it has been 
emitted, a branch of the subject often called Physical Optics, 
dealing almost entirely with the Wave Theory of Light. 

INTRODUCTION 

It might perhaps be expected that we should begin by saying 
what light “really” is, and should then develop its characters from 
such a starting point; but this procedure is not possible, since 
light is essentially more pnmiuve than any of the things in terms 
of which we might try to explain it. The nature of light is only 
descnbable by enumerating its properties and founding them on 
the simplest possible principles As these principles transcend our 
ordinary experiences they must be cast in a purely logical, that is 
I to say mathematical, form But that is never enough, for, though 
I logic tells us what deductions must be right, it does not tell us 
1 what will be interesting and so gives no guidance as to the direc- 
tion the theory will take In choosing this direcbon much help 
is derived from analogies and models, which are often loose and 
incoropiete, but without which no proper understanding of the 
subject can be acquired We shall therefore describe, largely by 
means of analogies, the behavdour of light, and this is the “real'’ 
nature of light 

Types of Radiation,— Light would be taken strictly speaking 



LIGHT 


.3 :rOT :: 


IS Cl 


to ; 

' ^ T 5 - 


.J Cl 


iz ii-- ^ 


--i; 


2 S 

tiiousr^ 
is = 3 mi- j 
rcC r.,i. iJOES 'wrorh are ; 
.e.>, or de side oi tie 
ssri r_v;, ‘/-rays (res R.M)I 0 - 
c:^»:tc r-jys; wh-is on, 
La-.a '.ai. c-'eiirn'r.acneric aibratioas ■ 
;ic r^du::cnb ha* e one property in i 
propacrtnn Ta^ most acuurate ; 
31 rttft’ 
cn 


XcTT 


*>''«V»£ Fv-tCii.' 


net reflect at all A coloured object is one mhicli reflects some 
colours but HOC others. Tbs is easily proved by illumuutrag a 
piece of red paper by* li&bt passed tbrou^b a green gbss, when it 
nifl appear black because there iras no red light for it to reflece 
Wnue being a miiturs of ail the colours, a white object is one 
rvnicji refleccs all colours about eq rally, and so it looks coloured if 
lit by a coloured light When two pigment<^ aie mixed toaretfaer 
iHe resulting colour nil! be that nhich they are both capable of 
reflecimg and may be quite dittEieiit from the colour seen, when 
De light of two coloured lamps is picjected together on to a white 
\'elOeit\ 01 kiuKTi assign t screen for example if the hgbi from red and green lamps is 

The u'stmctio-’ be- ' compounded in this way the result is a brilliant yellow, but red 

MUor. deperflt on ii&ie-lenctb and ' and green paints when nuxeu give a dork muddy colour because 
their e-lei!g’'Es uteesared in ! there is little light vvhich. they can both reflect Cozour) 

j Many substances are reaily nearly transparent, but appear 
■' opaque" because they are not homogeneous, so that the catering 
I light is reflected and refracted many times until it is completely 
j scattered The most obvious example of this is ground glass, but 
j the same is largely true of paper and white wood An easy lest 
j of whether a substance is opaque in this way or by an inherent 
[ opsatj’ to light is to see whether it is of the same colour for 

j reflected and transmitted light A sheet of red paper iooks red 

; whether we look at it or thioughit at a light because in both C'uses 
what we see is light which has got tangled in the fibies, and at 
each reflexion has lost a httle of the green and blue light by ab- 
sorption- so that only the red emerges on both sides On ibc other 
hand if a substance is truly opaque the colours on the two sides 
will be quite diiferent For example the yellow colour of gold is 
due to tne fart that it reflects the yellow light more cfiocUvcIy 
than other colours and, bj a paradox which we shall explain later, 
this means that it absorbs the yellow more' strongly li then we 
take a very thm sheet of gold, the yel/ow light will not penetrate 
it so easily and transmitted light will be bluish green. 

HISTORY 

The ancients were acquainted wicli mirrors and with the burn- 
ing glass, but their theories of optics were rather of the meta- 
physical character so much more congenial than experiment to 
the Greek temperament The Pythagoreans believed in an emis- 
sion theory', supposing that the seen object emitted parpcles which 
bombarded the eye, but the Platomsts complicated the mailer by 
supposing that vision was produced by a triple interaction be- 
tween rays emitted by the sun, the object viewed and the eye 
Itself Among inese specuhtions we can only distinguish the 
discovery of one real scientific ’awq enunciated by Hero of 
Alexandria who saw that the equahty of the angles of incidence 
and reflection at a mirror could be expressed by saying that the 
ray took the shortest possible course between object and eye- 
This kw li the first statement of the general “pnnciple of least 
action,” 3 principle which now dominates not only geometrical 
optics but also dpiamics 

We may emit the other speculations of the Greeks, Romans and 
Arabs and come to the revival of learning The earliest develop- 
ments were practical, such as xhe invention of spectacks and later 
of the teiescope, with which we shail not be concerned here. The 
first great theoretical discovery was the law of refraction dis- 
covered by Snell in i 6 ri, but nut published until after lus death 
by Descartes This law asserts that when a ray of light passes 
from one medium to another, the plane of the two rays contains 
the normal j,o the surface and the sines of the angles of incidence 
and refraction are in a comtant ratio the refractive index Des- 
cartes was led by a metaphysical argument to mamtain that light 
was some sort of pressure m a, medium (in a very indefinite way 
something hke the present wave theory), and thought that the 
vemcity of light must be greater in a denser medium This view 
was combated by Fer-mat, also on metaphy&uMl grounds and 
theory supports Fermat though not his reasomn? It 

Tee non-iumlLi'obfects'aJ ‘ It 

•JEninous source the sun or h-ol i incorrect arguments Fermat asserted 

and iter ttiferrni rt^rances are soielv due fo the different wave ' r^rW operations always by fhe most direct 

r which thw renref^m Thus a L k obVcl L i ft two places mmt 

obiert IS one which does , take the shortest possible time The lectiimear propagauon of 
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1 : it nr: convenient to use the same units throughout such an 
iTcmous range It is customar; to measure wireless waves in 
"•etrfrs The ‘ rest-ravs' are often measured in units called p, the 
ihcu.'a.’id": if a milixTrcre, bat for light tne unit timversaliy used 
i!- ne Xrg^tro’r. I'm; (AU ■ whica 1= ig'" cm This is also most 
trequedih Used for X-rays, though m precision work X-uiuts of 
ic- iCi. have 'dsen ot.mdaced Much of what we shall say here 
LtpplcS to tile wbo’e renge bat it is not unnatural that there 
thoul'i he d-bi-Krites end viren these ovcar we shall restrict our- 
--e; cts To tr ; case oi jigi; visible ultra-violet and infra-red 
The Appearance of Ordinary Things, — In manj' branches 
uf sc'e.n;e, though we start with familiar and crude observations, 
ne I’cn' -.acr. find it necessarv' to diacuss much more recondite 
CiUrsticns lac tftsa ie,ici£ ;o an riabcation of the theory, untu the 
r-'i-. impcrtcnt things in it ate quite diSerent from what is fa- 
m .bar i 7 a;i. This is very emphatically true of light For evamnle, 
the ntos* lanujiar taing about light ;? that it goes in straight lines, 
pii h.’-dlv arv of our crflinary experiences disagree witn this 
fac. But b more rmztd e.vtKnnenis it is easy to exhibit that 
bght IS -otnetinies bent ! 6 h'racted> and such casts prove more 
Kupirtart to the theory' than the .ommotipkce observ'ations Al- 
Tiost the erdy cSior-ple of these phenoirena. diffraction aaq incer- 
ierrni.e, whits is a matter or cainmon experience, 15 the iridescenc 
that apjoiar on soap-buhbisi and on the surface of greasv 

water 

Sj i: roraes about that the theory of light is nor mijch coa- 
terurd with the appearo-ice of ordinary things, and 35 we shall 
Etiyr have very htEie to say abci.t them, w'c may consider them 
'‘rtsfly here Is things we see we may distinguish between the 
'ununous a.'vf vie ron-luniir.qjs— m day-hqhc 
and ivsTythiBg eise 
by rtflectvd front some ’• 
r (tif erani at^earai 
they reflect tiTai 
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jgh ard the law of reflect on conform o th prncpe and 

herefore refrac on must do so oo Snell s la then ■np es _hac 
the "veioc ty of hght n a tned.um iS jnversely proportions .1 to its 
refractive index Fermat s ‘principle of least time” is the natural 
extension of that of Hero of Alexandria, and was later erected by 
Ilamikon into a general method of great beauty for dealing iMth. 
optical systems 

Th.e Age of Kewton aad Huygens. — ^The first great era ia 
the theory of light is the second half of the 17 th century. Grim- 
aldi discovered (and named) the phenomenon of dt^mcizon, that 
light going through a fine slit cannot be pre\ ented from spreading 
on the further side and that no matter hov. small the source of 
hght, the edge of a shadow cannot be perfectly sharp. Hooke 
independently discovered the same thing, and ofiered a theory 
approaching closely to the wave theoiy in that he had the idea 
of wave- fronts and of light being some sort of oscillation, but 
It was more than a century before it was seen chat the strongest 
possible argument for this theory lay m the discovery of diffrac- 
tion During the same era Jlocmer measured the velocity of hght 
for the first time, by a comparison of the calculated and observed 
times of the echpses of Jupiter's satellites 

Of all the founders of the theory of light undoubtedly the 
greatest were Newton and Huygens. Newton discovered the theory 
of the spectrum passmg a fine beam of sunhghc through a 
glass prism he resolved it into its component colours. — ^red. 
orange, yellow, greea blue, indigo, violet It had already been 
known that white hght was resolved into colours on passing 
through glass or water (for example the rainbow had been ex- 
plained), but it was supposed that the glass had produced a 
definite alteration in the light Newton showed that, if the hght 
passed through a second pnsm reversed the coloured lights would 
recombine into W'hite. but that if a single colour were selected 
from the spectrum, no subsequent treatment could change it in 
any way. He -was thus Jed to the correct explanation of white 
hght as a compound of all the colours, but che further details 
of this question would lead us into physiological oprics (see 
Visiom) 

Newton also investigated the colours of thin plates such as 
soap bubbles He placed a slightly convex lens on a fiat piece of 
glass and observed the hght reflected. At the centre the surfaces 
are in contact and nothing is refiected, but round tins point, -where 
they are very close, though not in contact, there appears a suc- 
cession of bnlliantly coloured rings, the succession of colours 
being black, faint blue, strong white, orange, red, dark purple, 
violet, blue, faint green, vivid yellow, etc. The nags become 
narrower and fainter as we go outwards and soon become invisible. 
These are not the colours of the spectrum, and their origin is 
better appreciated by considering the case where the illumination 
is by monochroznatic instead of white hght There is then a dark 
centre surrounded by a large number of rings of the colour used 
(See Plate, fig i.) The sizes of the rings depend on the colour 
of the light, they are closer together for olue than for red If 
then we iliuminate simultaneously with red and blue light there 
will be places where the rings fall together so that we get alter- 
nately purple and dark, and other places where they fall apart 
and we get alternate rings of red and blue Plate, fig 2 is a 
photograph of this type, as the camera is unequally affected by the 
two colours^ in some regions the rings look blurred, m others 
sharp. The rings in white hght can he explained in rhe same way 
as due to a superposition of all the colours, and at no great 
distance from the centre so many of the coloured rings overlap 
that they become invisible. 

Newton was very cautious in making theories and he did not 
really succeed in explaining his rings, bat he attributed them to 
certain "fits” of reflection and transmission which later were 
seen to be very like the phases of the wave theory. As lo the 
general theory of light he was also very non-committal, but he 
criticized the wave theory as being unable to explain rectihnear 
propagation and his followers, interpreting his views in a much 
narrower way than he intended adopted a complete corpuscular 
theory of light which held the field for more than a century This 
theory supposed that hght consists of minute particles, or cor- 
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pusc es hoc out from the luminous body, and attempted to 
j explain all the phenomena by suitably modifying the properties 
' of these corpuscles The theory mapKes chat the velocity of hght 
: must be proportional to che refractive index, not inversely pro 
i portional as in Fermat’s principle and the wave theory and this 
I was later to provide a critical test which condemned it 
I Huygens is the real founder of the wave theory of hght, He 
' based nis belief in it primarily on the fact that, if a beam of hgnt 
W'ere hke a flight of arrows, then when two 
beams cross these should be collisions be- 
tween the arrows He succeeded in ex- 
plammg reflection and refraction, and we 
may consider his cons(mcuon as it hes at 
the foundation of modem methods The 
general idea is that hght is a disturbance 
in a medium but it need not be specified 
whdt IS the character of the disturbance - 
for purposes of rough visualisation we 
may think of the medium as a jelly 
which is distorted so that its particles 
move out of their usual places Any 
disturbance then acts as a centre causing 
SEfRAC. propagation of a wave ot disturb- 
ance to go out at a constant speed, so 
that at any subsequenc time the effects of the initial disturbance 
will be found on a sphere surrounding it When the initial dis- 
turbance IS not confined to’ a single point, each point of it is to be 
regarded as a source, and the subsequent disturbance is the geo- 
j metiicai envelope of the spheres surrounding all these sources 
1 Retraction is explained by supposing that the velocity of light 
I is different in different media Consider hght obhquely incident 
j on a flat surface, say of water (see fig i) The velocity of propa- 
gation outside is C the velocity of hght, in the water it is v a 
[ slower v'-filocity. The advancing disturbance is at one moment 
I spread as a pulse over the surface AB Each point of A£ gives 
j out a spherical pulse and, lo reconstruct the wave later we draw 
spheres of equal radii round ail the points of AB Obviously one 
such set of spheres will give the line C2? as their envelope, and 
this shows that the light goes m the direction AC outside the water 
But if we repeat the construction starting at CD we have to allow 
for the fact that the velocity is less in water than in free space. 
Thus corresponding to the sphere of radius DF about D, we 
draw round C a sphere of radius CE—v/cDF, and it is evident 
that EF mil be bent round more nearly parallel to the face than 
was CD After this both spheres are in the w ater and the propa- 
gation goes straight again on to GH. This 
lonstruction immediately gives Snell’s law 
of refracuon. for sin ACM/sm GCN == 
DF/CB=c/v, and the refractive index is 
simply the ratio of v'eloaties. The con- 
struction fads in the case of very obhque 
incidence it v is greater than c, for then 
the circle round C may have radius actu- 
ally greater than CF itself Refraction is 
then impossible and all the light is re- 
flected This IS the phenomenon of total 
mternal reflection which we shall discuss 
P a _n u B ^ simpler construction than that we 

rn ACTION, SHOWING wo applies for reflection, and the 

RAYS EMERGING WHEN A principle also explains diffraction. 

LIGHT bay strikes A bui Huygens did not find this out. 

CAtciTE CRYSTAL PER- Huygens’ other great investigation is 
PENDicuLAKLY Connected with double refractiaii Cer- 

tain crv'stals of calcium carbonate, from Iceland, called cal- 
cite or Iceland spar, have the extraordinary property that ob- 
jects viewed through them appear double To reduce the mat- 
ter to simpler terms it can be expressed thus, a crystal ot 
calate resembles a cube that has been compressed along one of 
its dii^onals Suppose that a narrow beam of light is incident 
on one face perpendicularly If the crystal were glass the beam 
would emerge from the opposite face in the same line. Actually 
two beams emerge, one m the same way as for glass but the 
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-cce^e- JeB to Young He adopted the wave principle of Huj 
but extended Us appLcaUon Tliuj Huygens bad only con 
sidered wwes of the form that we should now cad pulses, but 
JoSSmade use of continuous periodic waves, and so was enabled 
xoua^i. a nianner we shall discuss LUer He 





**v'z 

" Z. 


'.r it,i 

^'■;5 izz. 

Is X* 

me 

Tacr.: 

TaV 

Th,; 

r ^ 

cr:: 

w r.( 

i- 

: iMS 

PC 

CArJ.::er. 


cr'ii 


ouic give the ordinary ray. but . Lawal principle of iUperpMihon that “when 

:iuscfrevoiuaor deterge b^ o dJ.ent ongms coincide, either perfectly 

hortenec: diagonal ot the ^ _^or u is n combination of 

Th,s is ihjitracec; ui bg 3 die , « ' ' ^longing to each ’' This principle is quite general 

Qi oci, s sphere cut axio a spheroid, young perceived that interesting msults would only follow 
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-imennn mi noiarjation If we ntate our crystal about an ots 
- 3 e director, of 'r.e beam ena oarerte the proisctioJis of the 
-nc’rj’ s cn a screen the ni<Ijn.it> ra; v.id stay fixed, and the 
-i'rior.i."ar. whica vl. ce equally brghi will rotate round it 
&,:a;w'jrppcis tha; ve l^oIate the ordmaiy ray ar.C pass it in 

the lahte way 
pse 10 '.wo rtvs rrinar.' 


from the fawe source are brought to superposition, for only w 
wuld the irregulanties m fhe process of emission be the same for 

what has proved to be one oi the 
theory 

Two holes are made do^e together iti a screen, and light from 
a distant point passes through them and lUumiTiaies anotner 
screen If the holes are Urge there will be merely two patches of 
bght on the screen, but when, the holes are made smaijer dii- 
fraction occurs, so that the rays of light spread and me paitlms 
axe JaTger jxjsiead of smellier 3 & niight be expGCtRcl fixsl 

small the patches will overlap and ii 


"-' 4 d"'?tSoSra^ bu"tHs\ime Se^ ' 5 Sentpserad SIS are crossed' by a number of tine bands 
3 S- are To undersiand this let us suppose the light to he monochromatic 

wJ U 5 ua-y cJ imeq'ur* tr-ghinfes I. .he two cry.tJ axe a , 1 o ^ ^j_^e.Iength s so that the vibrations of the Iight-wave 

pamfiel. che e.ttraora;i:ar,’_ wai oe absent altogether but s a^smgie j.^ivej aVravelling sine-curte The source ol light is 
the lec^au crys'ci ;e tu-med r. will craduallv grow m brigutness a ; . j 5 (gg go that at those 

ihc evjen.e of the oni.nary until uhea Lh«_ crystal has tuin^ (shoivn diugrummaticuliy 


;t-reagh a r ght 
Rom .ion 


.mgls the ordina-T ray will be entirely extin- waves are in 

futsDed (tom.icn throagii a further right angle will restore the 1 ■" tnmrei On ua: 

ny ana destroy tbs extcaordinar} . A suniUr rule applies I 
for ±0 et.rEcrmrarj ray from the first ciystui, it usttaUy gives i 
hcih tJTvS, but or-.;/ an e-Ttraordinaiy ray when the crystuls have 
their are.' potal.e’ ' Yevton rewga.$ed the essential features of 
the mutter I.a saving that a rav of light may have rrdej, in fact 
ihu ’his light oxers from ordinary light as a thin lath dtSers , 
from a round stic.k The idea of transverse vibrations had not ' 

\ £i been funnubted, so that no further advance could be made 
at this stags 

We ttiy uere remark that the Hav'gens wave construction ex- 
p.asua whs’: some may regard as a philosophic difficulty :n Fcr- 
snats pnucipie According to this onuciple the rays of hght 
Istc.eert two points .4 and S adopt that path -which takes tie 
shenes: '■ime* and though the 
--vlv way we nave ouhnertiv of 


delensiamg a irunitn jm is to try 1 
u nut/aer oi paihs and see wmeh | 'y. 
Is quickest, let the raj- aupears 
to auopt ;he nght course wuhc'ut 
iuy a'teraatjve trials Tne wave 
ronstructsun eupbins w’h} it does 
so for it shews that the wave is, 
so £c ^ak, ad the time tr}i.’ig 
alrenwme rouies and is adopt- 
ing the siur.esf because the waves 
in o±er paths esned out 
Ir. spire of these great sd- 
vsffices the state of kiowledge at 
the estf cf the lyth century -was 
resilly irsuSieieitt, to give a decl.- 
siun between the iwo theories, 



in the figure) On passing through the small hole each beam 
emerges as a spherical -wa-ve At the central point 0 ol the scrucu 
the distances to A and B are equal so the phases nqi'co at every 
moment, the effect from the two holes will reinforce one another 
and 0 Will be iliummated. Consider however a point P which 
is balf a wave-length nearer to .1 than B Here the waves from 
A and B are at every time in opponte phases (m the diagram 
when one wave is at the top the oiaec is at the bottom, etc ) and 
so cancel, with darkness as the result At the pomt Q, which is 
a whole wave-length nearer to A than B, the w.aves will reinforce 
each other again, because one -wave is exactly a wavo-longlh be- 
hind the other, and there will be light Proceeding in this way 
the whole field is seen to oe covered by alterndte bright and 
dark bands la ibe case of white light there will be a few 
coloured bands in the middle and the rest will look whne, the 
colours can be worked out in just the same -way as -with Newton’s 
nngs Young's interference pattern is by no means easy to ob- 
serve, as II requires very careful adjustments on account of the 
exce^oingly short wave-length ol nsible light. To gi-ve an idea 
of its magnitude, if the holes are r nun. apart and the screen is 
at a distance of i metre, then for red light the brignt bonds arc 
a distance o 6 mm apart 

The investigation of polarization at this epoch received a great 
impetus by the discovery of Malus that, when sunlight is refleclcd 
from glass, the reflected ray may be polarured Brewster studied 
the matter and found the rule that the leflected iighc was com- 
pletely polaneed when the reflected and refracted rays were per- 
pendicular to one another In the course of this work he discov- 
ered experimentally the formulae for the inienstty ol the two 


Fm 3 coHs-taucriON 

FOR QOU3LE fiEFR»CT!ON 

Eeah t»!«i oi C and D SEtids out a ' poJarized Components of hght reflected from a transparent sub- 
SBhs-t and i-Fftwoiti wava, Tfte spheres V ....q, , ... i 

s've in o-utnary rsy th-aush EF, Stance Ii » IS the angle or incidence and -r that of retwciion, the 
i*’* spheroids the e^tfirorii narj ray fraction rpfiected IS s 2 n-(j—r}/sm‘'C!-j-r) Or tan®(j—/)/taa^(i-f-r')> 
s:ki moretf^er there yiss hardly the according to the direction of polan'zauon These expresaions are 

begjiinlrjg of 3 mafnemaiiCai wavs theor;'’ as yet, so it is perhaps . asuaHy called Fresnel's sine and tangent formuke, and have pUyed 
not sarprisii^ ihac ibe corpuscular cheary of light gamed the j a part in the history of optics In the special case where j~{-r= 90 ° 
upper The itub centmy was singularly barren m opiics and j the tangent formula vanishes and, as the other does not, the re- 
& asly fet-ds 5 s discovery appeared strongly to support ihis j fiected light is completely' polarized Bre-wster also made the 
'gscry This ssas the discovery of stellar aberration, by Bradley | important discovery that some crystals exhibit double j-efraLtion 
t-st-r A&saMncv cr Tight) _ which for corpuscles is immediately | of a different type from that of Huygens In these crystals there 

J . ... . directions Instead o! ooli one tor which the light does 

not become polarized. We may aho here roention the discovery 
by Arago of lyration (formerly called "optical activity") When 
a beam of polarized light is sent through a quartz crystal along 
the axis, or through a sugar solution t is observed that on 


esaiss^d by ijas idea of relative motion, whereas with waves, 
xkfct^h 4 _cnj*& eipknatloa is not hard, the fi-ndl solution was 
ostajned ia the ;cth century with the advent of relativity. 
Age ifjf — The second great period of discovery 

wfeckfcf -wh the beamnmg of the igth cmtmy and the first 



LIGHT 6i 

bea n be p ane of poJa zat on bas ro a d b hompijs ot hont charg ng .ts bhape it may be rotated in 
ottfi 0 the ength of he pa b t ha raversefl ^ po-,iL..&n The third tj-pe of strain can take plate without the 
al these mati-eis in detail later i necessity of torces, but the first two require the aciion. of forces 

avestigator of this period vras Fresnel, and ia ' m order that they may occur The solid Will possess two elastic 
theory attained the outline which it has kept | cunstanis corresponding to these forces fwe are thinking of an 
e shall hare to deal with his work in detail we ! isotropic body, not a crystal which may possess cr}, and can 
lention his discoveries without explaining them j propagate rwo types of W'ave, a longicadinal carrespondiiig to 

compression and a transverse corresponding to shear Green 
showed that when a transverse elastic wave passed from one 
meiiium to another it could not help giving rise to a longitudinal 
wave, and for this there is no room m the themy of light. Though 
his result was thus mainly negative Green’s caiciJus firmly 
established what conditions a valid theory roust satisfy Under 
the inspiration of Green's methods Stokes gave a ngorous solu- 
tion of the problem ot ditfraction in place of Fresnel’s approxi- 
mate geometrical method 

A valid formuktioa for the dynamical theory of light was 
first made by MacCullagh. who assumed that the aether was a 
new kind of material which opposed no resistance to compression 
or shear, but which resisted rotation. Such a inaienal satisfies 
ail the necessary' conditions but it suffers from the objection 
that there is no known kind of matter which has the property, 
and for this reason it was regarded mth great suspicion and 
Its imponance was not appreciated tdl long afterwards During 
the midale of the rpth century there were many attempts, 
j especially by Lord Kelvin (then W Thomson), to invent a sub' 
i Huygens' construction to explain diSraction, '' stance which should satisfy ail (he necessary conditions, but they 
bhshed the sapcnonty of the wavs theory over were mostly very artifirial The modem theory was tiaaliy formTi- 
In the course of this work he demonstrated the lated by Clerk Maxwell, about iS6o, who showed that electnc 
that there is a bright spot exactly in the centre | oscillations mast involve emitted waves which would have the 
f a circular screen Like Young he also made ! same transverse character and would travel with the same veloc- 
;nts to exhibit the interference of two beams } ity as light He therefore identified light with electnc waves, 
n turned his attention to the optical effects of ' and gave the complete system of equations (then seen to be 
pnduding the motion of the eaith) and cor- > identical with MacCulIagh’s.) which determi-ue the behaviour of 
j all the principles, this important work had a , light This theory has firmly held the field ever since, and 
n connection with relativity theory, but. is out- MaxwellL name ranks as high as any among the contributors to 
ere Next he made the discovery (with Arago) optical theory. The completeness of his theory, and perhaps the 
beams of light are differently polarixed even if j faimhanty that grows with the lapse of time, has overcome 
the same source, it is impossible to make them j the objection that no known matter conforms to the same rules 
3 period the vibrations of light were thought to of vibration a« the aether 

if sound, so that there seemed to be no room ' The Experimental Discoveries of the l9th Century — 
n the theory, but Young hit on the solution that , During the period of these great theoretical investigations the 
ire transverse, so that a wave of light may have , espenmemtai side bad of course not been neglected, and many 
t had said Fresnel nest turned his attention to important discoveries had been made and instruments invented 
n and completely sohed the whole problem, 1 Fraunhofer studied diffraction in a rather different way from 
gle sj-stem both Huygens' uniaxial and Brewster's ! Fresnel, and constructed gratings by windmg wire between two 
inally he deduced theoretically the laws of re- [ fine screws and by ruling hues with a diamond on glass With 
ction, and obtained the sine and tangent formulae these he analysed the solar .spectrum, and his work is thus the 
ve referred Fresnel's whole work was devoted origin, both in subject matter and in method, of the modern 
'igorous principles for light, and the enormous science of spectroscopy The invention of Nicol's prism (usually 
‘ IS the more remarkable when we remember that called the mcolj made it easy to produce polariaed light, and this 
1 theory of waves was only in its infancy, and has ever since been the standard instrument in the study of 
existed at all any dynamical theory of continuous polarization IStokes began the study of ultra-violet light, render- 
ing its effect vifabh by means of the property of fluorescence; it 
cal Theories of the 19th Century. — ^With the is now more usually investigated by photography. Faraday dis- 
resnei, the more geometrical part of the wave covered the theoretically very important phenomenon of mag- 
as practically complete; but it was stiff necessary netic gyration, — that, uhen a transparent substance is in a strong 
X dynamical formulation and this was the chief magnetic field, a beam of polarized light passing through it along 
f theorists during most of the i<jth century' It the direction of the field has its direction of polarization rotated, 
y to make a model of some sort of matter w'hich This was the earliest connection discovered between light and 
ke the optical medium The most obvious model electricity. Fizeau and Foucault developed methods of measuring 
lat of an elastic solid, and, with the help of this, the veioaty of hght accurately, and among other things showed 
nn and others had considerable success m ex- that hght really does go slow'er in w'ater than in air, as is demanded 
nomena for a singk medium, but the theories got fay the wave theory (see FitrossscEiMCE and Fhospkobescence). 
'hen it came to the passage of light from one We must also maition the slow development of the theory 
her. Only by highly artificial hypotheses was it of dispersion, ie., the dependence of the refractive index on 
n the ■sine and tangent formulae the wave length. Fresnel and Cauchy propounded a theory wbicii 

Green on the propagation of waves in elastic attributed it to the coarse-grafnedness of the refracting mediunj, 
J beginning of the modem mathematical theory from which it followed that the refracth'e index could be ex* 
„e of solid matter can be strained (altered in form panded in powers of the inverse square of the wave-length This 
hree ways. It may be compressed without otbar . is orten possible, but its inadequacy was seen when Leroux dis- 
or it may be sheared so that a square becomes a covered the phenomenon of ''anomalous disperricra" (which la 
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<a(is on the two boles A, Point 0 is equidtstaint 

the w^ve^ r-e each oin6*r, P is ^ e. waveNloncih 

, -so that the waves cancel cut, while 0 a -whale wave- 
they reinforce asailn. Bnjjht bands wi^l appear at 0, 

D tit 




6 


LIGHT 


LU- 




>-5c ""t 
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;JC^:;s-es wiuci refract ’ cszi De soiled by expressing the initial state as a sum, or more 
‘r,£ A r-j;: ct me moG-sn thsori" usually au integral, of sine-cun'es of various wave-lengths then 
c-: reci ct.e'opUfcr.L is due to Seiimejer solving the mction for each of these separately and finally reconi 

:p!e of the general Dining them This is the only method available fot water-waves 
li the rgth ceGimy\ and though ^te»e waves of light are propagated m free space with- 

3 Qjj. thaage o' form any obstacle or refractive medium destroys 

tMs simpilnty and makes the analysis necessary. 

In discussing the general characteristics of waves we may con- 
vedendy think ui a stretched string, but when the appropriate 
name is given to the dependent variable <i> everything we shall say 
appKsj eoually well to neater- waves, sound, or light Thus, qi m 
the smng means the displacement oi the string sideways, in water- 
w'aves the elevaDon of the surface abov'e its average height, and 
for sound it might mean the varf,able part of the air pressure; for 
light we shall later specialire it rather more and identify it with 
the eiectrm force In all these cases the tj'pical solution is 

(^=dcos[2ir(j'i~i,/K) — e] 

First considering the motion of a particle of the string, we keep 


_ . 0 ,. 


tci C-:prr:lj- Wt: £n ^Xi.~ 

: rC'-r-,’!;,' A- 'he erG ci 
■ he T'-j.e iijv,'c'-s 'ieow, introducing the 
■f — rr > thi course ci his work lmpro’'ed Self- ■ 

cectjrs of the r^th century as. aspect of 
: K.'<-h rau results of the mest far reaching 
r>ui.h i=Tperiiner,:t;iiy Fresnel had sue- 

d '--f i-r vv: ifeor or moung media up to a 
V Gdt-i'i-.; re.ccsnvci whh regard to the mcie- 
.r,-! t- a wucie Stclicr aberration suggested a 
•^rti wL'r the eatih rcovea but then it seemed 
terrestrial experiments this motioi ought to 
Z~ account or the great lemcity of hght nore 
certs '..ere easv’ hut all gave negative resuks; 


be race nr the exDenment of Tlichelson 


yji. i li-ic uwuuu d paiiicic 01 Liie siriiig, W0 Keep 

ct Sjch accuracy .bac, though it depended ■' x constant and see bow d> depends on # It is a pure harmonic vi- 


li 

Lorec.tr 


i; (I'c of the ratio oi the earth’s velocity to that of 
'-et.rit8jy rs'chnsoe, the negac.ie The mathematical 
. as df'eicped nv Larmor and Lerenez cc deal with this 
and a ter.’ prc'tunc intcrpreis-jon. given to it by 
led tc tne prjn'.uigation oi the theory' of relaavity 
cy Lisysir ! Site Ksurnm I 

A’ tee cl jse of the ly.fc cenrery opUcal theory had attained 
r -.>mr leierr^s acd perfection which left hardJv room for fur- 
'he- dtte jpmext and F is wvh this ckssi cal' theory that we 
-rcx i.ije^cs concerned Diir-ng the zorh centiay one most 
i-mort,,!., oranch^has been added to if hy the discovery' of the 
■mtrtwenca of hu* fer the most part the e'entre of 

'x„tre.'t has sh 'ted Tne jfudy at the conditions under which 
I g :/s eimt'ec nns re ealed imndcmental difficulUes in ail our 
macrarui,. conceptions Tins nas led to the body of doclrme 
vji.'id me auanmm theory' Coi } wbch is antagonistic to tpe 


T — V-.W W— V ^u. .I-J wv + VJJJ.lv Vi" 

oration of ampllinde -4 and frequancy v, frequency meaning the 
toi al numfaer of vibrations described la a second The e,xpression 
airfW— y'Xj — e, regarded as an angle is the phase at the time t 
at the distance x from the origin It can be interpreted very sim- 
ply by the consideration that, W'hen a point describes a circle at 
uniform speed, its projection on a diimeter describes a harmonic 
motion; then ihe angle between this diameter and the radius 
through the point is the phase-angle The term phase, though 
quite preuse. is often used in a looser sense, because its absolute 
V'alue do^ not matter, whereas differences in phase are of the very 
greatest importance m deading the character of a wave We next 
examine the shape of the string at any instant of time and see 
that It IS a sine curve of wave-ien^th X, The amplitude, frequency, 
wave-iength and phase are the four quantities characteristic of 
any wave 

He wave is progressive because of the phase relations between 


clccr c.assi:ai sister- Each in its oivnleld ^oi er= aTwv. iv. P^g^ssive because of the phase relations between 

phenomena bat the reconcihapon is not vet como’ete ihn mb pomts of the string If at any instant we compare the 

-X is aheady possible to rewriie to of I T ^WXbe- 

rew ’ain,ua'go. We shaL noi do this here' bat shall treat h to- ' wh!i-w T- r arrived at the 

,ri to rest of -I. ..obioc, by C.ica, „.tok ; S 

WATTS AMI INTERFERENCE ( though phase velocity plays a most imporUnt part m wave 

lae mo-.t familiar ions of uav^s is of course th» surface waves ft of a real velocity, For ex- 

f «ter hut tne term i. emended to covp. ^ that no effect of any Mnd can he 


of .ater hut tse term emind^i T:o;;ra;y 

pmpaptec through a medium For example if we iak?a long , ^ f yelocity of light m 

•trtimcui strmg aad strike ii near one end. a small hump wili form veloatv w ®'^^®tances in which the phase- 

ari^ .inl ^raie. witfacm diange of snape coira the string Though ‘ec‘ -an Ja When we say that no ef- 

mc portma cr the string numped is changing ah the tlvTatZTZT 

ac...— 'r.iaJ_rorm is cncnanging and so we can endoiA this form i ^ ^ te^orj_ prevmusly undisturbed, but phase- 

'isilh mdivc'ialry a.nd sav that ih» ,(■ , — ^ j eloaty only has a mesmng m connection with a sine-curve mid 

! a sme-cilrvf. (STlPnrle ..1 T. . . . . t^UJVC, aiiU 


4biSo?rh b ■ ^ — ^ 

9't. -- ,).« .KSSPh, 5 

j F- ' .mpo.libi; ITT ‘■"I ii « 

, effett. sntb ,rib.ft,k.vi “TL!'it"'r »™e djoamcal 


d,i-' 


the .-oiafon of which u= 0 =; ( ji-cf ,1 Tnis exoresses the fact that * occurs when the rays of^ght^h^Me 

toeral Characteristics of Waves— -TJiP wk • -c ‘ waves and tbs is oronortinns! 


d: sych as 


the v^ave undergoes ac> change ! quantity 3s the wave^vanable <?> . Tiis 

water-waves, that is not so, for , factor of pronorbonajftv jl^i'^^ui^ecessary to know 

sad so It IS no Wvpr r.As.-..Wr. ; P oportionahty associated with it It ,e ,mr,nrr=.r,t 


the 




to speitk oi c deai^is. velnrhi f* ~'t -v!-S« possiDie i observe that the aroDhtnrlp a'T' “-'i ''.". ■-'j 

_ I- tea n.. TOocuy. It IS therefore necessary to aaaivs“ ' nnt T I accpiitude can be deduced from the mlensitv 

-“firum tj-pes which can be stucuec sepameh S ' of tbis ' ’ 

» -I Ot tae Qvnaiiiir.al rxwu» kv, 


“Wiiv^ds sntc 




Taat mih ^ i “ sine-curve 

th?ni? 

JactEhat tne ciffereimai equations of Wve 


medium do work on rC nL - ^ the wave 

^poihngtt%"£ - t 

phStd lifes onl^ln more com- 

portant iS " most im- 


are linear, so P^mated than that of onL Tn 

we can derive . riurd by tabng their , Sc1 ot" -Sh tlfconTniiu 

c iviases are af the same For mathematical 
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treatment such "V/aves are somet mes resol ed rrto sets of plane caused n the past thiougb neglecting them 
waves gong n all d lect ons bu t s more of.en convenieni to f The Pressure of Light.-— In the course of his theoretical in- 
male use of spher.cal waves It can be shown that, if a three- ; vestigations Marw'ell discovered the pressure of light He derived 
dimensional medium propagates plane waves according to the rule | this from the electromagnetic theory, but as a matter of fact it 

i shown to follow from any wave-theory, and was foreseen 

^ i-‘t V / I in the iStfa century by Euler If pJane waves fall perpendicularly 

then It ran propagate a spherical wave of the form | on a surface it may be shown that they exert a pressure on it of a 

<f^=.'^cos[27r(^’/^— r\) — c]/r i magnitude equal 10 the density of energy in the wave; This result 

' I is exceedinglv difficult to observe, as the pressure is veiy snsall in 

where r is the distance from the origin The wave-fronts are \ practical cases The first attempt led to the invention of the 
spheres round the origin as centre, and the wave represents an ! radiometer by Crookes In this instruraeuL freely movzng vanes 
emission from a point source at the origin. The ampbtnde de- j ace coated with black on one side and are pohshed on the other 
creases as the wave spreads out, and is always proportional to the j The side which is black absorbs the radiation while the reflecting 
inverse distance The intensity is therefore proportional to the ; side sends it back, so there is more energy m the space in front of 

inverse square of the distance^and this is the fundamenrai law of j the reflecting side and therefore a greater pressure When the 

photometry (s^e Phoxometky) This type of wave suffices for the j radiometer is illummatedit does go round, but the wrong way! This 
discussion of a great many phenomena in optics, but it may be | is due to a rather complicated ettect depending on the heating of 
mentioned that it will require some unessential modifications | the residual gas in the vessel, and m order to observe the pressure 
when we come to discuss polarization and electromagnmc waves, I of radiation much more delicate means are required It was even- 
The Velocity of a Gtoup of Waves. — ^Much of optical theory s tuahy measured by Lebedev by so improving the radiometer 
tan be developed by the consideration of pure munodiromatic : that 'the effect of the gas was eliminated There are also indirect 
waves, and indeed it may be said that experimental methods have methods by which the pressure of light can be verified, chief 
tended to moi’e in directions for which these suffice. The mono- J among which is the thermodynamic law for the emission of radia- 
chromatic wave, however gives a very incomplete account of tion (see Heat) Lignt pressure plajs scarcely any part in our 
events, because it ranges over an infinite extent of time and space, ^ common experience, but g^ows to enormous v'alues in the hot 
wheieas we usually nant to know aoout events in some limited. , interiors of stars and plays a dominating pert m controliing 
region We saw, for instance, m Huvgens construction ior double | their state 

refraction, that the extraordinary wave has its front parallel to i The Doppler Effect. — When moncchromatic light passes 
the ordinary, but yet that the rays go in a different direction Even i through any fixed optmal system there 13 one pioperty that is al- 
in the simpler case of plane waves of unlimited breadth there is a ways consen'ed, the frequency of the vibrations, but this fre- 
similar comphcstion when the wave- velocity depends on the wave- quency can be changed if the light xs reflected by a motnng mir- 
kngth, as is the case m refracting media. Let uc take a group of tor, or if there is a difference m the motions of source and ob- 
approximately monochromatic waves of limited length, and find j server This change of frequency is called the Doppler effect after 
the $toup-veloaty with which it travels as a whole. To construct j its discoverer, and is easily e,xp 2 amed by the wave theory Con- 
such a group we take a sine-turve multiplied by a factor such that j sider a fixed source emitting hght of frequency v, and sending it 
the waves are not of uniform height, but fall away gradually to ] to an observer who is receding at velocity u. On account of his 
zero on both sides of the centre. The solution, then shows that, motion the successive crests of the hghc-waves will reach him at 
though the crests travel fonvard with the wave-veloaty appro- longer intervals than if he were at rest and a simple calculation 
puate to the wave-length, yet they alter in height as they go, so shows that he will receive them with a frequency v (i-u/r), the 
that after a time the crest which w'as highest at first will have be- light will appear to him redder than it really is If he is approach- 
come quite inconspit nous, while another wave originally quite ing, it will appear bluer, and if his motion is oblique to the direc- 
small will have grown up and taken its place as highest crest Thus tion of the source the change of frequency will depend on the 
the group as a whole moves with a different velocity from its component of his velocity m the bne of sight In the case where 
component waves The group-velocity U is derived from the ( light is reflected from a receding mirror it has to traverse the m- 
wave-velocity V by the formula i[,W)/dk. where k is the recip- 1 creasing distance twice over and so the effect is doubled, and the 
rocal of the wave-length The phenomenon of group-velocity is j frequenry of the reflected hght is y ( i-sv/c) It should be said 
easily obseiwed from the deck oi a ship, for alter a very short | that these values are not quite precise when v is large The Dop- 
time a large wave under observation becomes quite small while | pier effect pk}’s a very important practical part m astronomy, for 
another behind it has grown at its expense. For water the wave- 1 by its me,ms it is possible to discover the velocity of stars in. the 
velooty is proportional co the square root of the wave-length, } line of sight, and thus for example to calculate the motion of the 
and our formula then shows that the group-velocity is half the i components of a double star which are so dose together that they 
wave-veloaty For other types of waves it may be greater than ! cannot be seen separate It Is also viial in the theoretical inv'esti- 
ihe wave-velocity, and there is nothing to prevent it even being gaiion of the distribution of energy in the spectrum. A further 
in the opposite Erection, though no case of this is known. Only j consequence anses in practical spectroscopy. La a hot gas some 
in the case where the wave-velocity is independent of the wave- | of the atoms will be approachmg the spectroscope and so will give 
length is it equal to the group-veloaty; m tb's case any wave can light bluer than the alienage, W’hile others will give a redder light 
he propagated without change of form. in consequence of their recession and thus the hght will never be 

The most important application of the idea of group-veloaty to purely monocbromauc In some experiments it is necessary to 
optics arises in the measurement of the velonty of light Every minimise this effect by cooimg the gas with liquid air. 
t>me of measure depends in some way on interrupting the light The Colours of Thin Plates.— There is no essential difference 
and thus gives Ihe group-velocity In free space the wave-velocity between the phenomena of diffraction and interference, but only 
of light does not depend on the wave-length and so is the same as a ffifTerence in eraphasis Thus the term diffraction is used for 
the group-velocity, but this is not so in other cases The superior- phenomena connected with the spreading of waves on passing 
ity of the wave theoty of light over the corpuscular theory was through a slit, shadow foitoalion, etc , while interference arise.s, 
held proved when Foucault showed directly that hght goes riower , as m Young’s e.xpenment when- two waves from separate but 
through water than air, but he did not m fact prove it, for the : coherent sources are superposed. We shall now discuss some im- 
refractive index depends on wave-velocity, and his work, dealt with portant cases of interference, including the explanation of 
group-velocity However, since either can be deduced from the Newton's rings 

ether, it is easy to verify the correctness of bis result indirectly We have already described Huygens’ construction for reflection 
In much of optics these considerations do not anse, and so they and refraction When a beam of light falls on a surface part is 
are frequently forgotten Nevertheless they are indispensable for directly reflected and pare is refracted Consider now a thm plate 
a full understanding of waves, and many difficulties have been say a soap-film, under the aowem of an inadent beam of n oatv- 
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r Ji- “ '■y iJfcpsr.rf on ir& chase differetices | 

tJ 3 . a .jiT-a ^Ca -G :ae aim of »P cq, jni these will vars , 
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to tee f.Dfc ce a„ oi uus tie must e^tamine liie process of refraction 

\ "Xc-i. IT C Oj*fi’V 

nrst ‘‘ousiper n smgie mterJace illuolnatcd oblicjuely by a j 
p-ara a ate ot hgixi K \s:e fg 6; Tais itiU be broken into a j 
rciect'd r;ate L aaa a refractfci nave M The strengths of these ! 
cm be cak-uiated etnci.t iti the detaJea theort- (they gtve Fres- 
nsis s^ne and :angsr.t forntutaek out we do not require their 
1’.’ ues here Let jc say tnat it A' has out ampbtude then i has 
3 T.rh*aiIa - and J/ has ampLtude t. V.'e shall assume (from, the 
mtre^demded *beor>' that there is no change of phase at the 
mttma.e We also reqa>e to consider the effect of a beam 
^raang to xe surface from the other side Let ns suppose that 
kti reteptKi ware M would give a transmitted wave along K of 
rr.omuGc r and a refiected nave along N of ampdtude f Now 
'■here ij an imponant aeq ven'- general mechanical pnnciDle, that, 

'* af. Ut pan'i m a system are simultaneouslv reversed in their 
motions the svsitn wih retrace its course to the point from which 
!t Smarted Titus ii we take a wave r along L reversed and sffmil- 
m-;eou<.v ' along J/ reverved. they will give rise to unit TpL I 
ns axnr k revered ann no wave along W. The wave r from L 
mvi - ►' along Ksrdrt a!o-g .V. wtuie t from M gives (f along K 
xd X smug > -fie thus have the two equations 

The last iKiphes that ri must he equal to r hut that 
‘cere is a rhasge <?i ^ase of rEo= at the interface- we ’can allow 
for ff xmpletdy by simplj sritmg _r tor 

e now return to the of Sg 5 Tt. reflected ray AP has 
amputuce r. the my AB has r. Of tiffs a J nas 

iramwn r' is refiected at S. so rha^ rri ar- r~~ 
n-es at C and CQ Pas amciitude friri, wbie V ^ 

vf? has Similarly PR will have 
and S3 01) On ^jje other side die wave® : 

emer^nr at B. D, F win have amplitudes 

if t tc y etc We rr&r non comi^re , '^\ 

OASC^, eic Let m suopose that 6 as rhe i / \ X 

aiig« uf inaderce asdf' that of refraction, t— ffG W 

and that ?s % the refracPve index. Wlowmg ® — ffcr raction at 

for the difference pf :hei wave velocity ir. *'* 

ibe Sim, the phase difference for a single pair of ktemsl reaections ' j 

ma be (t.AiC- AS), via: 5 S tke tat t>( tic perpen- i 
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cel r co5eri-it'/cos(e~ro)+tV'/^cos(e~4S) + 

' Tki series is now s'-mmed and reduces, with the help of the re 
lationa betv een 1 , A, etc , to 

‘‘^1 |.-'Sin(6~h)+j = sm(e+ 5 )], 

f 

i and the resulting inienshv fofloivs by squaring and av'craging 
“1 , ov'er all values or e The fraction oi the incident wave reflected is 

, 4 y^sin*i 5 /[(i — r-')2d-4f-sin^^] 

^ It Can be shown similarly that the fraction transmitted is 
(r — r^)y[(t— /•^)'4-4r'sin^i5j 

^ For a soap-film the coeSicieJit r is not very large The chief 
effect is when sn 5 vanishes, that is, when bneos^' is any 
; muiiiple of half a wave-length, for at such an angle of incidence 
I there will be no reflection at all Hence, when a film is lit by 
i white light some of the colours will be absent from the reflection, 
and the film vail show the complementary colours More detailed 
, consideration than we can give here shows that these colouis will 
* I not be seen well without the help of a telescope, unless the thick- 
. ( ness of the film is very roughly ot the order of twit e tlie wave- 
1 length of ordinary light The case of Neivton’s rings is very sim- 
' j ilar The film, is of air between the two glass surfaces, and the 
I distance between these surfaces increases outwards from the point 
■ where the glasses touch so that b passes progressively through 
values where there is no reflection for each colour in turn 
The Fabry and Perot Interferometet.—Thc- same ppnciple 
of multiple refiectwa has been pat to very important use in an 
instrument, the interferometer of Fabry and PeroE Two shoots 
of very flat glass are set up accurately parallel, and from i to 5 
tins apart The place producing the interferences is the air be- 
tween them The characteristic of the instrument is ;i slight sil- 
vering of the inner surfaces of the glass, so that at each moKknee 
nearly all the light is reflected Now, if m our formuh for re- 
fletiioa r is near unity there is hardly any transmitted light at all 
except when the light is v erj’ nearly incident at an angle such that 
5m5=o Divergent monochromatic lighv falls on one side ot the 
piatfc, and only the component waves at certain definite angles 
’-hro'-igti. A system of nariow bnilmt nngs will be seen 
with the aid of a telescope, and then radii tan be used to deter- 
mane the angles_at which 5m«=o An example is shown m Plate 
hg 3 and, if ems is compared with Plate, figs i and a, it will be 
I seen how much sharper the rings are in fig 3 

The tetrument has two different uses Firstly, to measure 
wave-Ien,,,.h 5 absolniely, or rather to determine the length of the 

^ unvaiying measure, the wave- 
length of a suitable spectral Ime For this purpose the glass plates 
are se. up several centimetres apart (it maybe troublesome Ui get 
5'®. '^jstance is compared with that of 4e 
necessary to measure the disunce 

k The cadmium arc 

IS the standard source of hght as it gives three conveweatlv 

allow^'to fSi ^ the lines are separated out, and one of them is 
allowed to fall on the interferometer. If the distances between 

tW V rauldph of half a wave-length, 

there -will be a bright spot, in the middle of the telescooe sur- 
ro^ded by Mgs More usually there will be a small nng inlc 
^ddle, ano by measunng its angular radius, we can find directly 

Sirs fcfsMt f to the ^ 

SfiLie tfrtarSli troublesome to 

S W r. f ^ he as great as roo.ooo, but 

SI f ■ ^ rough preiiminary knowledge of the 

Shffi'f ^ wave-2ngth"canTe mS 

wa^iength raliSf ^ determination of the absolute 

Y ^ ? P’aces of dedmals. 

^eotheruseof the instrument is as a spectroscope If a snec 

SSiS very dose together each ring will ap^ar 

«» rt«. rf ta j™ ita 



LIGHT 


65 


second and t may not be easy to disentangle the mean ng of 'what 
s obser ed One ngen ous use to wh ch the n rumen h s been 
put s 0 St the w \e eng h of the green auroral 1 ne wh ch s 
gi\ en b> the night sky Tins is so faint that no ordinary spectro- 
scope can be used, but its wave-length was determined with a very 
high degree ot accuracy by means of an interferometer, the plates 
of which were covered with gold instead of siher, for gold 
specially favours the passage of green light, and so prevents the 
fogging of the photographic plate by the general illumination 
during the long exposure 

The Michelson interferometer is another instrument that can 
be used for the same purposes Here a beam is divided into two 
fay being half reflected in a slightly silvered glass plate at 45“ 
The two beams then go to mirrors, one of which is at an adjustable 
distance, and are then reflected straight back and reunited at the 
half-reflecting mirror There is no multiple reflection and the 
fringes are therefore broad as in Newton s rings The instrument 
was the first to be used in measuring the standard metre It has 
another important use, for by its means it is possible to measure 
directly how nearly any spectral line is truly monochromatic. If 
the wave emitted by an atom were literally a sine-curve this would 
imply that, like that curve, it started at minus infinity and con- 
tinued to plus infimty (so the mere fact of switching off the light 
ensures that it is not one), but in fact the train of waves given 
out by each atom has a distinctly hmited length and this can be 
measured by seeing how great may be the difference of paths in 
the two arms of the interferometer, before the interference fringes 
disappear. It is usually found impossible to see any fringes if this 
difference is more than about 70 cm , and this implies that after 
the atom has emitted about a million vibrations, it changes its 
phase arbitrarily before emitting again. 

Another instrument of the same general character is the Lum- 
mer plate, in which light travels, being internally reflected, very 
obliquely, along the length of a glass plate silvered on both sides 
All these instruments can be used for the most refined work in 
spectroscopy, but they all suffer from the difficulty that a single 
line produces a number of fringes rather close together, so that, 
when several spectral lines are photographed simultaneously, their 
fringes get mixed up in a way that is often hard to disentangle 
There now exist diffraction gratings of nearly as high resolving 
power, which have not this comphcation, and the modern ten- 
dency 15 to use gratings for even the most accurate spectroscopic 
work, and to reserve the interfer- 
ometer for the purposes for which 
it alone is suitable (See Inter- 
rEROMETER ) 

DIFFRACTION 

When we described Young’s 
experiment, we regarded the two 
holes m the screen as them- 
selves secondary sources of light 
emitting spherical waves A simi- 
lar construction was applied in 
Huygen’s description of refrac- 
tion, and may also be used m free 
space We shall do this as a pre- 
hmmary to describing the forma- 
tion of shadows 

Fresnel’s Construction. — In 
fig 7 we have a plane wave with 
front at AB progressing towards P We know of course that at P 

2'Jf 

it will in fact be a plane wave too, with phase OP behind 

that at 0, but we are now supposing that we can take every point 
in the plane AB as the source of secondary waves, and that the 
wave at P is due to the superposition of all these waves In the 
plane AB describe circles round 0 of radii OCi, OC2 etc , 
such that 

PC,~P 0 = ^\ FC,-PO = \ etc 

The central rcle and the ring-spaces round t are called rrosnel 


zones and are all of the same area Each po nt is supposed to em t 
gh and th s hght wdl ar ve at P w h a pi a e depending on the 
d sauce a P The phases of hewavesarr ng at f om a s n^le 
Fresnel zone are all the same withm half a wave-length If we 
take t’ne moment when the phase arriving from 0 is just 90°, 
then all the phases from points m the central zone will he between 
90" and —90®, and they will all make a positive contribution 
Those from the second zone will all make a negative contribution, 
from the third positive and so on. We may represent the total 
effect as due to the sum of the effects of all the zones and write 
it as 

OTl— ' 

Each of these quantities is nearly the same because the areas of 
the zones are equal but they slowly dimmish because the ampli 
tude of a spherical wave varies inversely as the distance and the 
outer zones are further from P than the central ones. To allow 
lor this decrease we sum the zones in the form 

and then, the decrease in the m’s being at a constant rate, all the 
bracketed terms cancel, and the effect at P is equal to half that of 
the first zone This argument is of course not a proof, but the 
full proof requires deeper mathematics than can be given here, 
for the same reason we shall not check what value must be 
assigned to the emission of a small area in order to give the ampli- 
tude of the reconstructed wave 

In spite of its incompleteness our argument brings out two 
very important facts First, as each point of AB has been sup- 
posed to give out a complete spherical wave, we should expect 
the absurd result that there would be emission m the backwards 
direction towards the image point of F in the plane AB The full 
solution shows that the amplitude of the secondary wave emitted 
at angle 0 to the pnmarj* wave-front involves a factor i+cosd, 
and this vanishes m the backwards direction Secondly we should 
expect the phase of the wave at P to correspond to the average 
of all the phases in the first Fresnel zone, whereas we know that 
in fact it corresponds to that of the point 0 To put this right 
(and the full theory of course proves it) we make the rule 
that the secondary waves are to have their phases advanced 90“, 
or a quarter wave-length, m front of the primary wave causing 
them. These rules may be regarded merely as artifices to avoid a 
deeper enquiry, but they have important consequences; for, when 
we have a thm sheet of matter in the plane AB, its particles will 
scatter the incident light m much the same way as we have been 
considermg, but in this case neither of the two effects will come 
in. There will be light scattered backwards, which constitutes the 
reflected wave, and the hghc scattered forwards will be a quarter 
wave-length behind the primary wave, and this is the most prim- 
itive description of refraction 

The construction of the Fresnel zones explains the bright spot 
in the centre of the shadow of a circular disk. For, if the screen 
cuts out the first n zones, the wave at P will now be 
-i- , , and the sum will be In order to 

eidiibit this effect the circle has to be cut with great accuracy, for 
if half of it is as little as a single zone w rong the amplitude at P 
wiU vanish The same idea has been carried further in the con- 
struction of zane-plates If we make a screen which cuts out 
every alternative zone, we shall get an effect proportional to 
• which will be enormously greater than the 
effect without screen Zone-plates have been made by drawing 
them in black on paper and then photographing down to a small 
scale A brilliant spot will then be found at a point on the axis 
The zone-plate illustrates wave principles admirably, but has not 
found any practical application 

The Formation of Shadows. — ^We may apply the same wave 
construction to explain the formation of shadows In fig 8 AC 
IS a screen with straight edge at C, and we consider the light fall- 
ing on different points of the screen MN The wave front is 
supposed parallel to ACB, and the screen blocks out the part AC, 
so that we only have to consider the secondary waves emitted 
by tbe part CB First take P, the geometrical edge of the shadow 
If we draw the Fresnel zones for this po'nt, they will I of a 



A wave Is advancing from plane AB 
to P The circle round 0 ts the first 
zone, and the rings outside, tbe euo- 
oeedlno ones. Zones give nearly the 
same effect at P, but with alternat- 
ing signs 
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Ire sca'e or tct pre&oTieroa depends on both the wave-length 
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cai-ice Lbs there will 5 irt be a blue fringe A similar process 
•sr be aapbed to 'work ott tie 
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FfS 10 — DIFFRACTION BY A SLIT 

IS any lEultiplc of the wave-le 
these directions of no light the 
are much weaker than the centj 
of it When the slit is broad 
dose together We must also 1 
slit is exactly one wave-length b 
in any case nothing be} ond that 
two wave-iengths broad, the firs 
and there mil be a secondary 
about 50°. 

A similar constiuction can be 
sht Plate fig 5 snows the difi 
rectangular hole The pattern 
the hole is narrow and vice ver 
the pattern consists of a bng 
fainter rmgs, as shown, in Plate 
and the telesv.ope focal lengih /, 
a dark ring of radius o fiiXjV 
inside it The first bright ring 
brightest point the intensity is < 
the centre of the central spoi T 
hole is of great importance in 
telescopes 

The Difiiaction Grating. 

made by sparing a large nmnfat 
at regular intervals The gener. 
understood When aitwiochroma 
out a wave on the further side 
from the second .slit will be exa 
from the first and will reinforce 
other slits If q. is the distant 
centre to centre), this reinfort 
smS^A/ff This IS called the < 
‘^pectmin of the second order at 
ond slit IS two wave-lengths behi 
jJs given by siiii?=.2A/ff A .; 
j orders also. 

j In order to discuss the gratin 
I breadth I Their combined efie 
j way as for a smgle slit by tak 
; to a-kJ aa to ac-f-J, etc , and 
^ expression has been suintned 
1 and found to be as expressed 
page 
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t factor :s exactly that which we found for a single slit 
atiag, I IS UhUdlly small, so that tins factor does aot varj 
with the angle 6 The second factor is the important 
ecraily when j) is a large nnmher The curve 

nate usualiy of the magnitude of about unity, but has 
)ng maxima of height j>- at the values r — o, 3; r, 3: 2 t, 
s thegratmg gives ma’tuna at sind = o, iX/u, + aX/a, 
spectra of the various orders In the neighbourhood of 
iese the form of the curve is the same Considering the 
o, we can replace sin x. in the denominator upprovimately 
I so have the curve of fig n Thus each spectrum will 
iattern composed of a brilliant centre, and then feeble 
'v maxima separated by darstness. Tie first darkness 
fhen T = v//>, and this implies that in lie spectrum of 

order the first zero i"? at angular distance “tanfi from the 

np 

m Since the second factor in J is the same tor ali orders 
lancy of the diSerent spectra wiU depend on the first 
It may happen that this factor will entirely extinguish 
Jets, thus, if there ■will be no even orders at all 
the mirror and lens, the grating is the most important of 
nstruments In 0 transmission grating, lines are ruled on 
.h a diamond They are very fine and may be as close 
as 5,000 to the centimetre, The cuts m the glass do not 
; actually make it opaque, so that the grating is not really 
dits. but they give it a periodic character which is ail that 
ed The second factor m I holds, but the first is invalid, 
cntly the intensities in the different orders may vary' 
md in a way often unpredictable, as they depend on the 
the cutting edge of the diamond It has even been possi- 
epare gratings in which nearly ail the intensity goes into J 
spectrum j 

suppose that we send a mixture of colours through the 
Each colour m the light will produce its own set of spec- 
ie aero order the rays are not bent, whatever the colour, 
or fia=c, tie mixture will be unaltered Turning to tie 



srr^ ffio mrHOLSuH “theory of optics" ffowxjf* & cd > 
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shall first see tie violet of the first order, then blue, ) 
llow and red. and then darkness, for the second order of } 
t 14000 A U ) falls further out than the first order of ) 
7 000 A U ). This isolation is true only of the first order 
a then only by not considering ultra-violet light;, the 
rder red is overlapped considerably by the third order 
i in the higher orders the spectra overlie one another 
ly To elimmare this difficulty special devices have to be 
h as a rough preliminary sor'-ing of tie spectrum with a 
r ehe a prism can be set with edge perpendicular to the 
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grat ng I nes so that t shifts tie blue lines to a different level 
J from the red The overlapping of the spectra has been put to use 
in comparing wave-lengths with accuracy Thus, if a spectrum 
contained a biue and a red line such that the rhird order blue fell 
exactly on the second oi-der of the red, rve should know that fie 
I wave-lengths were exactly in tie ratio 2 3 If they fail fairly close 
I the ratio can sUli be fixed with accuracj', withotsi a very precise 
Knowledge of tie grating constant In this 
way a set of stand,ird wave-lengths 
throughout tie speerrum were first deter- 
mined, but later the interferometer re- 
placed the method 

For the installation of a grating spectro 
scope (see fig 13 ) we require parallel light 
Since most sources of light cover somearea 
It is usual to focus the source on to a fine 
slit and use this siit as a secondary source 
The light diverges from the sit and is passed 
through a colhmatmg lens Such a lens 
would turn the light from a point source 
into parallel light for a slit the emergent 
rays will all lie in planes through the line 
of the sit and, if the lines of the grating 
are parallel to the sit, the obliquity of the 
rays will not affect the difiraction The par- 
allel wave next conies to the grating and is 
diffracted A lens is set at a suitable angle 
Fig. 12. ^DiAGSAMMATtc to catch the desired part of one of the spec- 

graphic piate. When monochromatic hght 
is used a narrow hne wall appear, which will correspond, in breadth 
to the breadth of the she plus rhe breadth of the diftraction pat- 
tern that would be produced by an infinitely narrow slit 
la pracdcal work of the highest class much compUcation is 
saved by having the gratmg ruled directly on a concave mirror, 
for this focusses the slit straight on the plate without the inter- 
vention of any lenses. It will readily be believed that the making 
of large gratings on this principle is a very difficult matter; it was 
most successfully overcome by Rowland who made a number 
which even now remain the most useful instruments in spectro- 
scopy The manufacture depends chiefly on ihe construction of a 
long screw of very regular pitch, to shift the diamond a definite 
distance after each hne has been ruled. If the diamond should 
break, it is exceedingly difficult to recocer the line with a new 
one. and all the work is wasted A troublesome complication 
arises with some gratings if the screw has a sj'stemauc irregular- 
ity Suppose for example that it rules every tenth line a iittle 
out of place Then the true periodicity of the grating is the group 
of ten lines, and what we call the first order is really the tenth 
though in view of the approximate regularity it will be far more 
brilhant than the first nine. Nevertheless in the study of a spec- 
trum it may be that some of the strongest lines give a percepti- 
ble image corresponding £0 one of these lower orders and such an 
rmage might be mistaken for a real line Images of this type are 
called 'ghosts’' and m accurate spectroscopic w'ork it is very nec- 
essary to know what ghosts may be possessed by the grating in 
use 

The Nature of White Light-— It has been customarj since 
the time of Newton to say that white light is compounded out of 
al]_ the colours, but the diffraction grating suggests quite another 
point of view Let us imagine that the incident light is a plane 
wave consisting of a single thin pulse. Each siit of the grating 
diffracts this puke into all directions, and, if we observe from a 
given direction, 'we shall receive in rum the pulses which have 
come through each slit They will be evenly spaced and further 
apart, the broader the angle from which we observe. At each posi- 
tion d there will be something very like a monochromatic wave, 
more precisely it is a perioaic wave composed of wave-lengths 
(^m& and all its submulriples, ir, out of the superposiuon ot 
light of the first, second and higher orders appropriate to the angle 
0 , Regarding the matter iji this way, we have a perfect right to sav 
that the coloured light has been created by the spectroscope This 
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0 'S' "^e "SO h Iteepjng m mjid or in many 

e ae e otc proper } b> n eiEoer men 
3 X 0 he em e en in a es ■Rhere the ex 

jS'-ner: it o.e.mckm^ tr ha t ma^ be the 

espermisnt r.icii that nas e\ oked ihe property In the present 
'■? L the coirts oi risvi* are leconcned Oy the fact that the 
ce anal; sad maihematiCailv incQ an integral composed 
bi cbt3 01 ^ii ?a\c-!tr.gihs and in this sense it is correct to say 
h„ ntne ccntams ali ^he colours, even though it is unnatu- 
r,i u uiribcte any pencCic quahty iq a single puke 
1 may acpcar :rct the argument is special to the case of reso- 
M i'r w grating and that the spectrum of white hght formed 
h', 1 pr'jxi protcs teat the colours were there onginaily Closer 
i.ra'n.n.t.&r- shotts rho to be WTong, though the argument is not 
•j .^mp'c c> cansicenng the property of group-velocity it can 
ce 'hijwn that the nnsra wil! convert a single pulse into succes- 
' ers sr puises dihtrently spaced for the diherent directions, hut 
‘ ?ou d tane too kng to develop the idea further here The out- 
ceme c: tie arcumsst is that the analysis of light inio rvave- 
e“,'±s 3 chiefy a matter of ccmvemence largely mathematical 
cc'' erasnee. but this is enhancea by the fact that gases usually 
em spectra consisting of very nearly pure monochromaPe Imes, 
-o mat ’t rums out to be also a pracucaliy important analysis 
The Hesolying Power of Spectroscopes,— It is of great im- 
normnes when working with any optical instrument to know its 
-e-DTing power. If two spectral lines are sent simultaneously 
'hroujh a graiirg tiic resob’ing power determines how dose ihptr 
wave-lengths maj be without our confusing them. So too the re- 
■■0^' ing power of a teiescopi tells us what distance there must be 
oe,ween iv : stars m order that we may be sure that thev are 
s'Q end not one Resolving power must be distinguished from 
raenidcacmu for, as we shall see, it is possible to magnify the 
mages indefiniteK, but the only effect is to make a small indis- 
nil,, image into a large Inchsiinct image Diffraction theory deter- 
mines tsfc resolving power at ali instruments 
■Re Am consiaer the resolving power of the graPng, and 
Tust drai distinguish it rroin the dispersion If the lines are 
ruled very close together the spectra will be at wide angles, and 
so las spectral hnes we try to resolve wilj be far apart, they 
' have a large oispersion, but, if the imes themselves are broad, 
it v.Tii not help the resolution First we remember that the 
b'eadth of each hue is affected by the breadth of the spectroscope 
sat. so that ti' 0 lines may give overlapping images on tbs ac- 
count. y> e need not consider tbs, as it may be obviated, by so 
narrowdng toe siit, that us breadth is less than the breadth of 
tae djUmction pattern that would be given bv an infinitely 
rarrou silt het__us suppose that we have two' hues of wave 
length and X— aX, sa. the two D hues of sodium at 5,896 and 
S,3 QoAL . and enquire under '’hat conditions they' can be 
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sepamt^ In the Bth order spectrum they appear at positions 

smu==.Xaandsin;g.ffi5;=„(X^SX)/u,sothaMpprS^ 

S^=n 5 X/acosfi. 

Tte is the dis^rsloa of the lines, I e , the distance between the 
of the lines. Xowr if the diffraction patterns of lines 

«UM "L*“ >>»» We 

but not if thev wem as lutie ^ 

fecaith of the peak Xli that Z ^ ‘^enth of the 
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of the other We saw that thefrst ser fall it v 1 st ce uvl 
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f om. the centre a d fo 1 n t ng so to U s ii u t be equsj 

to the dspers on of the t\o 1 nes so t at oX X/ p ifie ^ 
solving power is usuaEy defined as XjdX, vvLtn,, 5 X in diC difler 
ence of wave-length of two lines tluit can ]us< lie resolved 
see that it is equal to np. The important poinl m that it inuj 
way depends on the dispersion, but, foi a giv'cu order of spectrum 
only on the number of lines, no mutter what then spacing Foi 
example, if we want to separate the sodium lines lu the first 
order we must have i.oco lines, if in the second, 500 If the giai 
mg IS coarse the lines may fall very close together, but a powerful 
telescope can still separate them, if there are fewer than 1,000 
Imes the telescope will merely magnitj a blurred image. 

We may compare tbs with the lesolution of the Fabry-P^rot 
interferometer The plate being of air, we take ihe rcfrachie 
index as unity, and, as the incidence is nearly perpe ndiculat, ive 
can replace cosfi'' by i — If rX- 2b for one of the lincb where 
5 is a (large) integer, there will be a brigh< spot m the centre and 
the next ring will have angular radius V X/fi If there is anolhui 
line of wave-length X-|- 5 X, its innermost ring will have radu" 
Vs 5 X /6 Though the fringes arc fairly sharju, the opacity of the 
silvermg of the plates sets a limit to their sharpness, and we shall 
not resoh e the lines unless the radius of ihe minost ring of the 
second line is a fairly large fraction, say 11 tenth, of that of the 
second ring of the first line This shows that the rosolving power 
should be about ten times as great as s; it the plates are 5 cm 
apart it will be about 1,000,000 for visible light, 

Ir is also interesting to consider the resolving powt j of a pugm 
spectroscope (see fig 13) Tbs instrument separates lines hy 
ineans of the difference in the refractive ludex of the glass for 
different colours By an argument from gcomctiical optics, which 
we shall not give it may be shown that the angular separation of 
the two lines is dnl/b, where dn is the difterente of then rcfrac 
tive indices, 6 is PP' the breadth of the beam, and I is BC the base 
of the prism The lens will focus a beam of breadth Q()'s^h to a 
line of breadth X/fi, and the two lines will therefore be resolved if 
l>h/dn. Thus, to obtain good resolution the most important 
factor IS a great thickness of glass, and this severely hnnta the use 
of prism spectroscopes Tabng the value of dn for typical glass 
we can calculate that i cm will resolve the sodium lines, but if 
we reqmre to resolve two lines for which X/ 5 X is half a million 
as m pos.s!ble with an interferometer or with a giatmg of half a 
milhon lines, we should reqmre 3 metres of glass, and even if it 
were otherwise practicable such a thickness would be far too great 
to let any light through 

The Resolving Rower of Telescopes.— The principal of the 
tas ^is ^usually discussed by geometrical methods (see OpiicsI 
but n IS quite simple to work it out with the wav-e theory In 
fig ^4 plane waves fall perpendicularly on the leni m the 
tyeam PA.QC. The central ray through BE is retarded m the 
glass but not so the extreme rays at A and C The focus F is the 
secondary waves from AEC arc m pha.se, tk 
^ ° he central raj is balanced bj the longer path of the 
chanve- waves at AB are m phase, and the phase 

g^ven respectively by AF and 
r refractive index Let BE be d, AB be 

r and EF be /, supposed much larger then we have 

4 «~i)-h/= -v' /j«+r2), 

whence, approximately, f - ~ which determines the focal 

wave^ n If another 

TaLt f^und hv tL? ^ ™ their focus F' 

L m cii the waves from ,4 and C 

the axis of the Ipn rir ^ fif right angles b 

nat conmtions they will tesolvei The image of the first stai 

>rotapomtbecaaseofdiffmctmiu Wecauroughl 
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estimate its size by tlie consideration, that there will be points 
near F for which the waves from A and C and all intermediate 
points, though not perfectly in phase, are so httle out of phase, 
that there will be still a marked mtensity This is a question of 
the diffraction image of a circular hole and the radius of the central 
spot IS o di/X/j-. If the centre of the image of the second star 
IS much closer than this, we shall only have one bnght spot and 
shall not distinguish that there were two stars Thus the angular 
distance that can be resolved 
IS o6iK/r. Taking visible light 
and measuring che radius of the 
telescope in millimetres this gives 

The important thing to notice 
IS that the resolving power in no 
vay depends on the magnifica- 
tion, but only on the diameter of 
the object glass If the telescope has a short focal length the 
magnification will be small; but as long as the diameter is large 
the resolution will be good, and the small magnification can he 
overcome by the use of a stronger eye piece This result requires 
one quahncation, for we have assumed that the whole object 
glass is operative m bringing rays to the eye When the magmfica- 
tion is not very great it may happen that the pupil of the eye is the 
effective limitation and not the obj'ect glass, and in such cases the 
resolvmg power will depend on the diameter of that part of the 
object glass from which light enters the pupil 

The tendency to make larger and larger telescopes is to be 
attributed partly to the fact that they collect more light, but much 
more to the increased resolving power. An. extreme example is 
given by the measurement of the diameters of stars. Stars are all 
so distant that no existing telescope could hope to resolve the 
separate parts of their surface, and the disc seen is never per- 
ceptibly larger than that which would be produced by a geomet- 
rical point But if we could have a telescope 50 ft m diameter | 
the resolving power should be suSicient to show the disc of a large 
star in the same way as an oidmai-y telescope does for a planet. 
It IS not of course practicable to make such a telescope, but it is 
also not necessary, all that Is required is two little pieces of 
such a telescope at the points A and C in fig 14 In principle this 
IS the way in which it has been found possible to measure the 
diameter of Betelgeuse and a few other stars 

The eye is an instrument similar to the telescope Talcing the 
pupil as 2 mm,, the same calculation shows that its resolving power 
should be 0 42 ' The actual limit, about i', is not very diSerent. 
and is no doubt aftected by the structure of the retina. A similar 
limit would apply for any eye constructed on the same principle as 
man’s, but insects’ eyes ate compound, being composed of a very 
large number of very small independent facets. There can be no 
phase relations between the separate facets, so that the resolving 
power can only depend on the size of each separately. It thus 
seems'improbable that an insect can discriminate between objects 
less than some degrees apart 

The resolving power of the microscope presents a different prob- 
lem from that of the telescope, because in the microscope we ob- 
serve non-luminous objects illuminated usually by parallel or not 
very convergent light The discussion of the theory will be found 
under Microscope, and we here only give the result If the lens 
can receive light from the object over a range of iSo" (and for 
a good microscope it very nearly does), then some rough impres- 
sion of form can be detected for an object of the size of half a 
wave-length By immersing the object in a refractive medium the 
wave-length is shortened and the resolution improved, and it may 
be further improved by the use of ultra-violet light 

POLARIZATION AND ELECTROMAGNETIC THEORY 

In our review of the history of optics we described some of tiie 
earlier work on polarization, and we must now make its character 
dearer The phenomena of interference and diffraction were all 
explained by regarding the light as a wave, leaving it entirely 
open what t is that vibra and how T does it In fact all that 


We have so far said would with suitable changes of scale, be just as 
true for sound as for light But when vre come to the phenomena 
of double refraction, tais is not so, they are onlj explicable if the 
vibrations are transrerse Though we saw that, in spite of many 
attempts, no material model could be iound which would carry 
waves in the way thai aether does hght, still it is quite possible to 
visualize polarization A string stretched horizontally may vibrate 
m a vertical or horizontal plane or 5iniultaaeousl> in both , at any 
instant a point of the string is displaced from its position of rest 
in a direction perpendicular to the hne of the wire, and this posi- 
tion can be mi cated by drawing a line in. the direction and of the 
length of the displacement When a hght-w'ave is travelling through 
space, we can also repiesent it at any point and time by drawing 
a line in a definite direction and of a definite length It should be 
explained that, unlike the case of the string, here the length is only 
diagrammatic and can be represented on any scale, as long as we 
are consistent and adopt tne same scale for other points This 
Hne is called the Iight-vector, and the wave is said to be trans- 
verse, because the light- vector is always found to be at right-angles 
to the direction of the wave, that is to say it lies somewhere in the 
plane of the wave-front The reason for this will appear when we 
come to the electromagnetic theory, we shall first describe the 
main properties of polarization without justifying them 
Types of Polarized Light — Suppose that we have a wave of 
plane monochromatic hght advancing perpendicular to the paper 
At any point in the paper we draw the Hght-vector, and it will go 
through a senes of changes, returning to its original value m the 
period of the waves We can represent any motion by giving the 
x,y co-ordinates of the end of the light-vector, and for monochro 
raatic hght these must be sme-functions of the time If v is the 
frequency we therefore take 

'X=.4cos(27rt'^~a), Y=Bcos(2Tvt—fi) 

as the general descnption of the light We first consider a few 
special cases If B=o we have a vibration in which the vector 
always lies in the direction of x and ranges between the values 
+A This we call plane polanzed in the direction x Similarly 
if A = 0 we have light plane polarized m the direcuon y If we 
have a-^. we see that at any time Y/X=B/A, so that again 
we have plane polarized light, in direction arc tanB/ri and with 

TT 

amplitude Next consider the case B = A, ^ = a+- 

Then .¥^-1-7^ = . 4*. so that the vector describes acarde; this is 
therefore called oticulaHy polanzed light. In the general case 
we can find the locus of the light-vector by eliminating i and get 

35 + gi ^ aj^cos(c£-j 3 )'=£in®(a-d) 

This is an ellipse of which the axes, are determined as to position 
and magnitude by A, B and ct-j3 The most general type of 
light IS therefore called elliptvcally polarized, and v-e recognize 
our previous types as degenerate ellipses 
We next consider the propagation of such waves, that is to say, 
the phase relations of the hght-vectors for dilterent positions oJ 
the wave-front Out wave is now written as 

X=Aco%[ 2 Trv{t-zfc)-a\, r=Bcos[owi'(/-c/ c) 

and the character of the polarization is the same for all values 
of 5 , as it will depend on d, B and 

(airt'z/c+a) — C^iTf'^/c-h^) = a— 

Next we take t as fixed and consider the way the light-vector 
IS arranged lor various values of s. We may liken it to the 
stretched string. If B*o it will be in the shape of a sine-curve 
in the plane of with wave-length cj v, and similarly whenever 

£K=^, though for a different plane If j3=a-f-~ and B = A, the 

locus is a screw, or helix, of radius A and pitch equal to the wave- 
length c/p If the axes are right-handed (so that a man standing 
with his head towards z has x to his right and y to his left), 
then the screw mav be seen to ba left-handed This is therefore 
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n'.ifi'S ihra’^gb tie a\3s of rhe crystal and tfie direction of 
cropafjtion It later appeared that the hgbc-vector must be per- 
pecdicuiar to thii plane so that the old cofivention would Bate 
rcflcnbsd the hght as poianzed ;a the plane of yz, wbich we call 
pobnaec m the thz' ction x and it sv'as even soaietimes Ioo 5 eJ> 
lefemd to the direction y alone For most optical effects the he- 
rav'&u” IS determined by tie d’-recti'on of the vector and not by i 
the direciicn of propagation of tie wace, so that it is practically 
mconverjcci *o laeation two diremions when one would do The 
moder' tendency winch, n e shall adopt, is to describe plane polar- 
-StC light Hv the direcnon of cbe {fght- vector, thus, in double re- 
fraction we scaU say that the ordinary ray is polanaed at nght 
srgles to the tiystd atis Some confusion is uBavoidable because 
the tir® pijne polarized tsr-stead of line polarized) is too deeply 
imp-anted to be changed but we can ?void ambiguity by saying 
that light i£ plane polcrizEd in some direciicn. instead of m some 
plavs and tea directior. is then the nomial to the plane which 
was tonneriv used 

Double refection is not ihe only way is which pdsmaUon is 
produced, and we shall discuss its other occurrences in detail later 
Cbe‘ among tbem is refiecuon at a transparent surface set at a 
siHtatee sn^ At other aagfe there is an incomplete polarization, 
ftbich ts ^ciMietimes very troublesome in esperiraents; for as light 
paaises^ihrefugh aay system of lenses or rourrots. it is almost im- 
pcsahle to prevent ifj bscemmg polamed and this may easily ob- 


scure the study of its original po 
the polarization of ^iCattered ligh 
sky Again in the di&raction ol 
jients behave rather difierently 
Bed, the theory we have gi\en 
angles and we shall not consider t 
required Perhaps the most intei 
Zeeman effect (q v ) Here the 
displaced and split when the at( 
and the split componeats are pi 
from winch much information ta 
ics of the atom 

The Armlysis of Polarized 
though by no means errliisively, 
double refraction m crystals ^ 
here suffice to say that when a 
hght'V-ector is resolved in two d 
and perpendicular to the directi 
ponents in these directions have < 
that ire have a plate with paralie 
through it along c, while the two 
such a plate the light-vector will 

X =i-4cos[j7rv(’i!— V (i) — Ol], 

where a and 6 are the wave-vch 
If the incident hght is plane pol 
go through unchanged, hut it 
on entering the plate at c-o m 
5=Csinv If the plate is thic 
the farther side as 

X = Ccosy cos[2ir v(t ~ f / a) ~ a] , 

and so X and F are no longer 
is non elliptically polarized Fi| 
this transformatton comes aboi 
Pcaily polarized light, the emf 
elliptically polarized, but in a 
it might become plane polarizei 
of an impoitant instrument use 
the quarter -waie plate A quart 
I so that axyl/d~ zwvVb = 90“ 
polarized, with the axes of the 
write if as 

X == Acosf awi'l — a) . 

After passing through the qaari 
IV ill be 

X — jlcosf iTryf — a.') 

and It IS now plane polarized fi 
the incident light is circularly po 
polarized at 4=; degrees to the , 
handedness will he indicated acc 
between a: and -\-y or x and -^y 
made of mica which is easi^i d 
exhibit a rather weak double r< 


-5 


c 

\ _ 


\ 


! 


^ i 


Fig Iff —THE fllCOL fRlSM 


into plane polarized, and it ren 
invespgated The standard mst 
I A rhomb of calcite, which is ab 
j IS sawn across the line AC, and 
I its two faces are cemented toget 
I ends AD and BC are also cut to 
! stead of jfa®! A wave, eaterin 
j refracted, and, because of the s! 
in somewhat dhffwrnl dirtction 
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ve index n ermedmte bet-ween 
iinarj' wa es ana as tbe ordi 
It becomes tocali'v reflec ed and ; 
zckened so as to absorb it. The | 
through, and so ihe emergent | 
ill polarize light over a certain 
limits are set by the conditLon 
cted at AC and lost, and on the 
md&r favourable conditions the 
picai expenment with polanxed 
s The simplest example is the 
The first produces polarized 
, the second is placed with its 
it IS twisted round through go°, 
dinary wave in. the first nicol is 
led This demce has been, used 
r rotates his nicol through go°, 
mp appears to burn steadily, if 
will go out 

rization of eltiptically polarized 
plane polarized hght by some 
nicol There 'will always be two 
le light has two parameters, the 
1 their position There are two 
te plate may be rotated until it 
it It renders the light plane po- 
juished by a mcol The position 
le axes of the ellipse, and the 
es The ratio of the axes Tim- j 
ffi already know the axes of the | 
iportant experiments, in other ! 
wo adjustments is troublesome 
d the compensator In this the 
liar directions,, instead of along 
isure the relative lengths of the 
those two directions and their 
t of the 1 ompensator consists of 
is a rather weakly doubly re- 
so that the crystal axis lies in a 
ther so that it is at right angles 
, where the hues and docs indi- 
acident light will be broken into 
(ge, of which one will have a 
ring the second this will change 
e exactly equal as at the centre 
Lse Thus, incident plane polar- 
irized at A. At any other point 
le hghf will have gone further 
1 the other. If elUpticaSly po- 
ill be places where it is plane 
■salyzng nicol set at the proper 
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Fig I? —THE COMPEKSArOK 
The dots indicate the orystal ass of 
the two quart: wedoes, and M Is the 
micrometer screw 

ae light vector along and across 
eir amplnudes is given by the 

EQUATIONS 

reat discovery that the equations 
ic waves are equally applicable 
formulation for the whole the- 
lon For the derivation of the 
tide Eoecxeicitv; we shall here 


take as given and snow how t applies for light 
Cons aer first the case of free space At every point there may 
be an electric force 15 and a magnenc force H Each has both 
direction and magnitude and they can be most conv^enientiy de- 
senhed by the components E^, Et and Hz along the 

directions x, y, s The vector notation is well adapted to expressing 
their relations In this notation 

OE:, dEy , dE. 

5c 8y ' ds 

is written div S and called the divergence, nhile the three quan- 
tities 

5Ej, 8Ex 8E: oE^ dEx 
dy bz ' bz b% dx dy 

are the components of curl E. A vector equation mvohing curl 
is thus three equations, when w'ntten in terms of the components. 
The equations are 

- = curl H, div E=o, 

6 at 

-i curl E, div H=o. 

c oi 

In these equations c is originally a rather abstruse quantitj, the 
ratio of the electromagnetic to the electrostatic units It is a 
velocity and one of ihe strongest evidences tor the electromag- 
netic theorv" of light is that, when purely electric methods are 
used to determine the rauo, it is found to be the same as the 
velocity of light We shall give a few examples of solutions, but 
before doing so must complete the theory by giving the rule for 
intensity. In our previous account of intensity we left a factor 
of proportionality undetermined and this was right because we 
had then no other phj'Sical phenomenon to link with hght, so 
: that there was no way of fixing the absolute values Now how- 
ever, we have a much more precise formoiauon. because w'e can 
imagine that we might measure (very ideally of course) the elec- 
uic force in the light by means of an electrometer, and we can 
therefore make our definition absolute Electrical theory assigns 
a value to the fiux of energy, ; e , to the rate at which energy is 
carried across unit area m unit time, and this is a suitable measure 
for intensity It is called the “Poyntmg vector,” after its discov- 
erer, and is ~ [E, H] where [E, HJ is a vector product with 
4s- 

component Ev Ss—Ex Hy, along x, etc. 

We now consider some solutions of the electromagnetic equa- 
tions. One such solution may be verified to be 

£,= .-4cos^ (ot—z), Ey = o, E.=o; 

A 

STT 

Ux-o. Ey~Azos~{cts), 11^=0 

We see in the first place that we have a wave travelling along z 
with velocity c, and purely electrical experiments have shown c to 
be equal to the velocity of light Secondly we see that it is a 
transverse wave, but it is ambiguous whether the electnc or mag- 
netic force is the light-vector. A similar solution is 

27r X 

Ex~o, Ey=Scos~ Eg^o; 

A 


Sx—--BQ.os-j^{ct~z\, E^~o-. 

and this evidently represents the other polarized component. 
A third solution can be formed by superposing these two, or by 
superposing them with a phase difierence between E^ and Ey 

The intensity in such a case would be — (A’-f-T*’) 

We must now consider whether the electric or magnetic force 
is the light-vector Since both always occur in the wave a theory 
could be constructed m which either was so taken, and it is a mat- 
ter of convenience which we choose A number of phooorrmna 
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eq_3l ;c ;be lanaertjal compcner.es of the corresponding forces 
jiEf on tre o’iier side • See Electricitv } 

Rrfraction in Transparent Media — In a non-conducting 
isotropic meaiurc.. rne equations assume the ferrn. 

oB 

dt 


CE , TT I 

~7-- =ci]’'I M, 

St c 


- curl E 


It IS easy to venfy that tnese are satlsned b; 




E. — Acos~ I Ej,.=o Ei=o, 


= c.iccs- 


rccs ■ 


‘i k 

'll e see that at pints v,rer£ c .s 3n> mu-uple cl half a wave-length 
L smsltes ah the time v hexes Hj vanishes ad the c..me at 
p'-ts u.'.£-e c IS an onn multiple o: quarter ct a vmie-Ieng'a 
p^su thu* o..r mirror -? coa.eii ■Rith a ■’.euri> transparent paolo- 


dfr = o, 2'„=.i^ ecos^f — /— cY Zf.-=c 
A \ e / 


il-:;h 1= efternards developed ur."* 


-x"!!!. :.ix, C! sen e cs 

ct^tuinec! .r. sfctwn Tr.i.n we sna 1 had places where it is fogged 
0 me iCtion cf the hunt-iectcr, and others where u is imunected 
_ro the cosuh"; if these te.i os that at is the electric force that < 
s citeu'i’.i: c-'d no: the magnetic From this ana simibr cases we j 
ctr.iUue that it -s best to take the electric force as the bght- 

t eCiOr I 


SEFEACTION AND DOUBLE REFRACTION 
IVc have already made much use of the idea that the optical i 


cx-^ct of a transparent ired-um can be represented by a refractive 
■ndec Tnis S5 not of course an enpUnaricn of refraction, for that 
v,e shall hi' e tc consider atonic processes, but without doing 
h ' we can discuss mam of rs features and can describe the 
"Kiers neats whkh aaie been Uasd :n us investigation Vde shall 
ne content for the most part with the description of results to 
verk them out in. detml would in volte rather elaborate mauie- 
""atics 

The Electromagnetic Equations for Refracting Media, — 
The nututal sterling pout: tor the discussion is the extension of 
he eisctrutnagnei.c theory to coi'er electrical w'dves propagated 
rb'-ougn matter Whe.-: a static electric force acts on matter it 
", a% p'ronuce two eSects. li the matter is a conductor a cur- 
"ent Avi according to Ohms law, tins is expressed by de- 

tn rg a c'^-’-crA densAy j (a vseter with components Jj, Jy, j-) 
wnirh is siren by where c is the spec.fic conductnnty 

ot the medmrr- If the matter as an ir;suiator the elsctnc force 
cispiaces the electricity in the atoms in a way that may be com- 
uared to the compressicn of a spring, and a new quantity has to 
be introduced to express tnis, wmch is calied the" diehcfnc dis- 
p ^ce’^.cKr In isotropic media, such as water or glass, the dielec- 
tne Asplaceiren: bears a constant ratio to the electrm force. We 
wrre B=£E ap.dcaile zhs dklecHc constant General dec- 
trcmagnetic theory then shows that the equations for free space 
must ce altered so as to accommadate either or both of these 
properJes u! matter We new wnte 

i SO 47- . __ _ 

— I -01 = cur. H, dix- D=q 

i' j-ii , V 


Mutter also has magnet.c properties and this suggests that the 
other equations shomd ne cbar.gea as well It is found how- 
e\er to be utinfcessaty for the a.te-naticns of farce in 3,ght are 
so -apid that the magnetic properties ha\e no time to take efiect 
So we adhere to the equations 

— ” =ci,rl S, div H=o. 
f di 


The electric force is transverse to the waves and the wave- 
velocity is c/\G. so that the medium has retractive index \/e 
An apparent diScuIty at once arises for our result seems to imply 
that the refractive index should not depend on the colour of the 
Lght Th-s will be explained when we come to the atomic theorc' 
where it will appear that the dielectric constant depends on the 
freouency of the inducing eiectnc force. 

We next consider the passage of light from one medium to ar- 
other Suppose tnat they have refractive indices n and n% and 
first suppose » to be the lesser, m the case of free space it will 
be unity To find the fcrmulae for refraction and reflection we 
take a given mciclent wate, and assume that there are reflected 
and refracted waves hut without maiang any assumptions about 
their wave-tengths or directions The boundary conditions then 
require that the sum. of the tangential components of incident 
and reflected forces at the boundary’ m the first medium ate 
everywhere and at etery time equal to the corresponding forces 
in the refracted wave on the other side of the boundary. These 
conditions lead m tne first place to the law that the frequencies 
of all three wates must be equm, so that the wave-length of the 
refracted wate is Xn n', and tnen to the law that the angle of 
reflection is equal to the angle of incidence d, while the angle of 
refraction 6 ' .s given by Ksmd^idsmi?'. These rules can be 
deduced merely from the lact that there are boundary conditions 
and would be the same whatever the form of those conditions 
Next with the special conditions of the electrical theory, we can 
find the arnplitudes of the reflected and refracted waves Taking 
the component in which the electric force is polarized perpen- 
dicular to the plane of incidence we find as amplitude of the re- 
flected wave Ein(5— fl'l/sinC^-r^')! while the component polarized 
in the plane of incidence gives tan( 0 — S'l/tanl^-t-S'i. These are 
Fresnel’s sine and tangent formulae, their squares give the in- 
tensities of reflection. The intensities of the refracted wave may 
also be git en, but are not so important 

IVe may now consider how’ the reflection vanes with the angle 
of incidence Take the sine formula first. For perpendicular 
incidence the formula becomes ambiguous but may be replaced 
by (ti'—ny/{n'—n). For water the refractive index is about 
ij and so when, light falls perpendicularly on wafer the ampli- 
tude of the refiected wmes is ^ of that of the incident, and 
therefore the intensity is only about 2 per cent lYith increasing 
angle of incidence, the reflection increases somewhat (for inci- 
dence on water at 45° it becomes about $ per cent), and, as the 
incidence approaches grazing, it increases rapidly up to unity, 
which means perfect reflection The phase of the reflected light 


is alwaj’S the sam.e as that of the incident The tangent formula 


These equations together determine the behaviour of light in 
most lypes of mar ter, but we must remember that we always 
hace to inaie o&9e”va’ ons outside, and tbereforc require to know 


behaves quite difierently. For perpendicular incidence it has the 
Sams \c,!ue but it starts diminishing and finally vanishes at the 
poianzmg angle, when tan 6 = 7 i'/n, at which angle the reflected 
and refracted waves are perpendicular to one another. For water 
the angle of incidence is about 54^^ After this it increases again 
and reaches unity at grazmg incidence The phase is the same 
as that of the incident light up to the polanziiig angle and from 
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here on^^ards d ifers from it bj. iSo® Reffactiott m Absoibing Media To dscus he pa sage 

These phenomena have been much stud ed espe m n a v ot ignt through ire as take bo b a d e ect c constan and 
The behaviour of a fcran parent medium depends onlv on ts re a conduc on cu rent and by Ohms aw th latter inll be pro 


fractiie index, which is most accatately determined by the re- 
fractometer ('essentially, a prism of the substance), so that ex- 
periments on reflection do not provide new information, but serve 
as a very valuable check on the theory Suppose, for example, that 
we illuminate a glass surface obliquely with light polarized m 
mme direction neither m nor perpendicular to the plane of in- 
cidence To find the reflection this hght must be resolved into 
two components, one of which obeys the sine and the other the 
tangent formula They will be unequally reflected, but in neither 
case IS the phase changed at the reflection (or only through i8o“, 
which does not matter) and so the reflected light wiil again be 
plane polarized, but m a new direction If the light is incident at 
the polarizing angle the reflected hght will contain only the com- 
ponent polarized in the direction at right-angles to the plane of 
ircidence If ordinary light is incident the same is true, and this 
process is often used for obtaining polarized light The most 
refined eicperiments have revealed the fact that the polarization 
IS never perfect, but the unwanted component can usually be at- 
tnbuted to the presence of grease on the surface If elaborate 
precautions are taken to remove this grease the effect becomes 
very small but it never quite vanishes This is probably to be 
attributed to the fact that the surface atoms are necessarily in a 
dirterent state from those inside, so that it is not possible for a 
medium to remain truly homogeneous up to the boundary 

We have described what happens when the incident light is 
in the medium of lower refractive index In the contrary case 
the intensity of reflection follows similar rules for the two com- 
ponents but with one very important difference In this case the 
angle of refraction is larger than the angle of incidence and the 
reflection becomes complete for both polarized components when 
the refracted ray is at go“, at which point the inclination of the 
incident ray is given by sind=n'/n For greater angles of inci- 
dence the phenomenon of total internal reflection supervenes, and 
thi<! we must now consider 

When smd>n'/n there is no angle $' for which the equation 
n sm 5 =K'sin 5 ' can be satisfied, and so there can be no progressive 
wave m the second medium The appropriate solution involves 
instead a real exponential factor If the boundary is the s plane, 
and if the incident wave is at angle 6 , its phase will be given by 

AijT / ct \ 

cos— ( ssin?— 3COS0 ), and the appropriate solution in the 

Wn J 

second medium is isinS-c } whicli 

A \k / 

evidently fits the boundary condition and may be verified to 
satisfy the wave equations. The real exponential implies that 
the disturbance only penetrates a very short distance into the 
second medium, roughly not much more than a wave-length 
When the amplitudes are worked out, the reflected wave is found 
to have amplitude equal to the incident, but with a changed phase, 
and the change is unequal for the two polarizations. Thus, if in- 
cident plane polarized light is totally reflected, the emergent hght 
IS polarized eliiptically. Working on this prinaple Fresnel de- 
vised an instrument which turns plane into circularly polanzed 
hght 

For water and air the angle of total reflection is about 49° 
Thus, when the surface of a glass of water is viewed obliquely 
from below, it looks like mercury Total reflection has a curious 
effect on the field of view of a fish, for however close it is to the 
surface, everything outside the water must be crowded into a 
cone of angJe 49°, the edge of which will represent the horizon; 
while, on account of the total reflection, the fish will be able to 
see the bottom, except for parts nearly underneath, quite as well 
reflected in the surface as directly. Total internal reflection is 
much used m optical instruments, as it provides more perfect 
reflection than any silvering In many types of binocular the 
rays are internally reflected no less than four times between the 
two lenses of each telescope (jee Bin Inete t 


portionai to the electric force. The first electromagnetic equation 
IS now 


e 

c 


dt c 


E = curlH. 


while the remainder are unchanged The presence of the con- 
duction term has an efiect something hke what we found in total 
mtemal reflection, for it compels us to introduce a real ex- 
ponential For a wave of frequency v going along z a solution 
can be found m which 


E^ — e-^ Ks'ccosairi't/— 


provided that n and n satisfy the equations 




n IS the refractive index, and k is called the absorption co 
efficient Considered at a given mstant of time, tue wave is a 
damped sme-curve of wave-length c/ny and the amplitude de- 
creases to a fraction of itself for each successive crest For 
actual metals k/ti is quite large, so that the light can only pene 
trate a ver>' short distance The value of n could be determined 
expenmen tally from the deflection of light by a prism, if one 
could be made so thin as to transmit hght, and k could be deter- 
mined by finding how much the hght is attenuated m passing 
through a plate; but in view of the extreme opacity of metals 
such methods are very troublesome, and it is more convenient 
to deduce n and k from expenments on reflection 

The principle of reflection is just the same as for transparent 
media, but the details are very different on account of the real 
exponential m the mternal wave There is a change of phase m 
the reflected wave and it is different for the two polarizations 
Consequently, if plane polarized light is reflected, it becomes 
elliptic, and the study of this elhpticity is the most powerful 
method of evaluating n and k. In the case of perpendicular 
incidence it can be shown that the intensity reflected is 
(n^+K--i-i—2Ji)/(n^->rK^+i + 2n). For all metals k is consider- 
ably larger than n, and so the reflection is not far from complete 
We see how it comes about that strong absorption, or large x, 
means strong reflection. The refractive indices of metals vary over 
a much wider range than those of transparent substances Thus, 
while the latter range roughly speaking between i and 2 4, silver 
has refractive index o rS, associated with absorption coefficient 
3 67 More remarkable still is sodium, which, if it can he used 
untarnished, is an even better reflector than silver Here »=o 003 
and K = 7 61, and 99 7 per cent of the hght is reflected- at per- 
pendicular incidence. In so far as w-ave-velocity has a meaning in 
such a substance, the wave-v'elocity is two bundled times the 
velocity of light 

It IS hardly too much to say that there is no theory of the 
optics of metals There is a general resemblance between their 
optical and electrical qualities m that the best conductors are 
the best absorbers, and therefore the best reflectors But m all 
cases K is greater than n, and this imphes that the dielectric con- 
stant e is negative, which has no meaning in electrical theory 

Other substances are opaque besides metals, quite apart from 
the opacity due to the repeated scattering of light Indeed or 
dmary transparent substances are always opaque for light of 
some part of the spectrum, and for such light they behave, much 
hke metals In particular, light which is strongly absorbed will 
be strongly reflected Rubens took advantage of this fact in his 
study of “rest -rays,'’ which consist of light in the extreme infra- 
red For example rock-salt absorbs light of wave-lengths round 
50 n, and so reflects it strongly, although it is transparent to 
other wave-lengths If then the light from a lamp emitting all 
wave-lengths is reflected to and fro several times by rock-salt 
mirrors, the other wave-lengths will be elimmated, and the re- 
flected light w'lll be nearly pure After the last reflection its 
wave-length is determined by means of a grating. Unlike the 
case of metals here the process of absorption has been faji y 
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z? I" thfci 5o.r,ii Q^zecuoi as 'cic i!,~ce Sut 

■ le ‘arfic ir,ul-i-Cy p^rpeEdJcyhr dirscuone 
h ar“ li the sainae Zire:t'.cr t^e take 
,r jxss :'i 3 hi 'e 

Bj; i’j = ‘f.ii . 5 : = 


Q -x Sb c fd pendeii. oi Jzie direction; s 

ihe .3.1. c„r f.iM and its iisizt-^ector lies in. tae plane per- 

Ter.i-i-i,Iar co^t-he jl.iS The o.her ihe ettraordmarj* wave, ,: 
Doar^d in a aire.non coniaired fay 'he a.«s and :he wave 

drer'.’cn fi-nd .t? -.-dcicty depends on the ■a.ave direction and 

C-i-L* Ci 

'fhevsl^L^ LBS wa.B ^Jotities for different directions can 
ne faest aporenateti 01* const rticcm§ the imriiittf sxi-ffucs This is 

— fd a CHO-sheeted surtace constructed 

T isymg og )a eva? direction 

L ^ i from an ongm Uvo radii proper 

■ ' >5> ' ' tional to the two wave velocities 

‘ 'P'^ I Its ge-icral form can be seen from 

I / !, ’"i I , fig. lit which shows a perspec 

.' ti\e drawing of a portion of it 

I which IS repeated by rejection in 

, ^ I the principal planes The figure 

yts. Js —ho’xmxl. scRFACt RE- IS drawTi o.n tie assumption that 


;;;e crv'td £vr.me.r" mm rr.ihe a further restrieden. Teas peated bi r£>^c£ctjon is rri£ a> 3 >y, and it will be seen 


rtrir»-- 5 r sya^irjii 


o: civib..,l£, ±e ihrce matuall? perper- 


CThEP quadrants 


that the two sheets meet in four 


m-jfa: sxrs trs cT.i :.''^n; to ^ne mother, so mat ah phT'sical ' conical points one m each quadrant of the plane of jis, that is in 
j. roper* es m :ht-=e three 't.-ec icr.= oust ce the same and there' the place perpe.ndicdar to the interinediate axis, Waves going 


fore c, t_ t, n;_5t ce epua. For electrical ana optical purposes 
T.cre'cre tnccirh .tot for others the regular «>stem f= isctropic 


in ifce directions oi these comcal points wiU have the same 
velocity whntei'er tbeir polarisation, and so for these directions 


in toe ht.vjronal. tttragcrc' a-ip trigonat systems there >5 an ax>s fight will not be polarixed These are the tw*o opUc axes which 
: f- A- ot 3'iolh sjrstnetr;.* and, if this is taken as the c-axis giie rhe to tne name b’axial Uiiia.\ial ciystals may be regarded 
mliows that = ihoogl: fhe> reed not eqaa’ e. Caiciie and ' as a degenerate case m which the two optic axes have approached 
rosrtr :o;h bs,ong to this tvpe In all other crj'sial classes aJ cne another, the normal surface betomes a sphere and an ov,ai 
'hree «£ nu: he dm'erent We thus have three tjpes o: crystal surface, which touch along the direction of the ajas The normal 
..ts reaa...r the ur.asial and the biax’c.! The regular behaves fer surface does not show how the wares corresponding to the two 
’.jht Oi tbcugu It litre isotropic and ne shall deJ with (he uni- sheets are polarized and for this Fresnel gave a Tory convenient 
4’..>2l as a spec,ai case of the biamcl f ve (^^'iS'ZAioizxnos i, construction The ovaloid is an ova! surface obtained by laying 
Fur a rrarsoarent ervstai the ck^tromagnetic equaiiocs assunie on a radius m each direction i vi . n accordbg to the rule 

T fiT> 

T _-=-curlH. ih-D=G, I When this surface is cu^ by a p'ane parallel to the wave front the 

' longest and shortest radii of the section give the two t'alues of 

X dH < -w_ I the wavs-velocr.y, and their directions give the polanzations This 

" c divxi=o, , construction shows among other things that the wave-velocity is 

[ fixed when the polarization is given, without reference to the 
together V .tfc ill— £lj=ei£;: ! direction of the wave-front 

Tne wac»e {jtiesiion can be dijcussed wits either £, or f? as the > phenomena we have so tar described suffice to e.vplairi 

pnoiiti’.fc qucniiiy, and of course exactly the same resuns would ; many of Ihe features of crystal optics, in particular they are all 
tmurce, but^it ,s most convement to take D rhis is the light- \ reqJrea to understand the action of quarter-wave plates 

i eemr ustc oy Fremei ir. bis original theory, before it was given ^ ^icols and other polarizing instruments, but they do not explain 
an dec'wcai meaning The process of so lUtion consists first oi j-jjg. fimdamentdl fact that things seen through a crystal look 
ehniin,it!iig E ^nc Hm terms of I? and then fiitmg a p^.ane wave , 'j'o understand this we have to consider rays not plane 

n crburaiy* uireccicn so as to satisfy the equations for D It | staves of indefinite breadth la making Huygens’ construction 
d w K arc tne cirectior. cosmp af tne wave froni. and L M .V j jt would be wrong to draw the normal surface round each point 
ihObe oi tbe hg.TC-vector aau if the wave-veiocity is I , the wave j construction of fig 5 on this, for the normal surface 

woJ no or the lorra ! jg ^ dfagrem descnbmg how plane waves can go, and does 

D.~£ 5 , j 3 „ = .V 5 , D=~NS 1 not represent the front of a wave emitted from a point To find 


d'i—h —ni-jt -nr} 


woj PC or me aorra jg ^ diagram descnbmg how plane waves can go, and does 

D..~£ 5 , D^~?>S not represent the front of a wave emitted from a point To find 

the form of tbs wave-front, we imagine that at every point of the 
where 5 = .jcos™ ■ iV— /> — »i.y -nb aorniai sun'ace a plane is drawn perpendicular to the radius- 

^ vector All these planes will envelop a surface of two sheets. 

In giving the results of rhe substitation we shall write y | and this we call the ray surface. In general shape it resemble; 

for >' €. c- «, t- s- Ihs-i it is found that the wave-'. elocity T normal surface, and has four conical points lying in the same 
iiiuRt actofi the equation ' | nbne. hut now at dirferent angles: these are called the ray axes 

,, , j , Huygens' construction is done mth the ray surface not the nor- 

— 1 1 — — 1=0 I mal aiiriace For uniaxial crystals the ray surface degenerat es to a 

1 I iS^ J-— 7* I spnere and a spheroid touching the sphere at the ends of the a-xis 

Tbs IS a oasdraiic equation in V'-, and w'e conclude that for a i readily believed that double refraction involves much 


lcr>' €■ c~ «, t- s- i.btf'i It Is founa teat the wave-'. eiocity } i 
iiiuRt actsfi the equation 

fi ^ ixr If- 

Tbs IS 3 quadrant equation in P, and w'e conclude that for a 


given direction o> the wave-front there are tw'o wave-velocities j -oiapJicated geometry, and the complete conquest oi the sub- 
nssociated with each of these va.ues there are definite values of J Fresnel is one of the greatest feats ever performed m 

£ M .Y. and these determina the pohnaaUoss of the two waves ' P^^J’sics- Effects can be obtained oy uJuminating crystals with 
Tnty are at nghi-angles to ore another and to the direction of 1 su-uply polarized light. Tiate fig. 4 shows the effect obtamed in 
tie Wuve .4 simple eisample is giveo oy a w'ave going mong the ' case pf a uniaxial cryscal, cut at right angles to the crystal 
ditetlbn of c, where the two velocities are or ana i? and the di- ' % 5 _fhai: in the case of a biraal crystal, cut at right 

reeuons of polarizaticii x and y Another esimple is given by a : ang’es to the bisector of the angle between the optic axes We 
uniaxial crystal whereu Tne wive-ve 5 ocines are thengicen fay them exphnatwn, which requires a detailed discussion 

We can only refer to the curious phenomenon of conical ref-ac 
t'~a and [ tiort which was discovered theorer'ally bv Haniil on and after 



LIGHT 


7 S 


Tivard \enaed Whei a narrow beam s er.t along he ax a of a 
axia r ta he d ec on for he a becomes nde e m nate 

50 tha t can be anywhere on a cPi^am cone On emergence at 
the other side this cone is made into a cylinder by the surface 
refmctron, and if this falls on a screen we get a ring of hght 
Double retraction is incanably present in crj’stals which are 
not of the regular sj'scem, but is often qinte smal* Even m a 
strongly doubly relractmg crystal like caiciie tne two principal 
indices are i 66 and i'4g so that their difference Is considerably 
less than the refractive ettect of either (which may be represented 
by irs difference from unity) In uniasal ciysiais and in biamal 
of the orthorhombic system the axes are fixed by the crystal sym- 
metry, though the principal wave-velocities may vary with the 
colour, In biuxiai crystals of the monochnic and triciinic systems 
the principal axes may vary in position as well, and the most com- 
plicated colour patterns may be produced Some crystals such as 
tourmaline, show a selective absorption, so that one of the two 
polarized wares cannot penetrate far into the crystal, and the 
light emerges from the other side plane pobriaed. 

Double refraction also occurs when an isotropic sobd is m a 
state of strain, and indeed the cbance strains m badly annealed 
glass are sometimes a cause of trouble in experiments with polar- 
ized hghl On the other hand advantage has been taken ot the 
effect, for by making a transparent model say of a girder it is 
possible to find the strains set up in it by the appropriate forces 
m cases where the shape is too compheated for direct cakulanon 
Another occurrence of double refraction is the Kerr effect,- — an 
ambiguous name, as there is a second effect of magnetic type, also 
named after this investigator When light is sent through the glass 
of a charged electric condenser double refraction occurs, so that 
the component polarized in the direction of the electric force has 
wave-velocity shgbtly different from that transversely poLtized, 
the effect is proportional to the square of the electric force across 
the condenser. Yet another case, predicted and discovered by 
Voigt is a very small double refraction when light traverses 
matter plated in a strong magnetic field at right angles; tins is 
associated with magnetic gyration which we shall discuss later. 

Natural Optical Gyration. — ^Double refraction is not the 
only optical effect e.xerted by crystals The symmetrical proper- 
ties of a crystal are of two different kinds, corresponding to 
rotation and reflection respectively Most cry'stals have some 
symmetry elements of both types, but there are some which only 
have rotations, so that the cry'stal is not identical with its mirror 
image The simplest geometrical form possessing this peculiarity 
is the screw, which cannot be superposed on its minor image, and 
we therefore hken this type of crystal to a screw Quartz is such 
a substance, and there exist two types of quartz crystals, which 
we may call right- and left-handed Now circularly polarized 
light has the same quality of a screw and we should therefore 
expect that a nght-fended quartz crystal would reset ditterentiy 
to right- and left-handed circuiarl]’ polarized hgbfc respectively 
It IS in fact found that the wave-velocities are different, and this 
is the basis of the theory of optical gyration 
Let us suppose that «, and m are the refractiv>e indices for the 
two tj'pes of Circularly polanzed light of frequency y Then the 
nght-handed wave wiU be 


ffh through 1 e med t.m and ee.ng how an analyzing nicol must 
be placen m order to extinguish the hghl The gyratioiiiil constant 
IS the rotation produced b> a thickness of x cm of the substance 

In quartz the gyration is very strong being 317° per cm for 
yellow light, but is complicated by doable refraction of the 
uniaxial type, and it is only for light going very nearly along the 
crystal ass that it can be obsened There are also crystals cf the 
regular system which exhibit the effect, for example sodium 
chlorate, and here ii is present tor all directions It is aiso shown 
by liquids when rbeir molecules contain a chemically asymmetric 
atom, such a liquid is isotropic in that all directions are equiva- 
lent, but is not molecularly' speaking, identical with its minor 
image, and so it can and does refract the two types of circularly 
polarized light differently. Smec many sugars contain an asym- 
metne carbon atom, measurement of the gjiration is a very 
convenient method of estimating the strength of a sugar solution, 
and great practical use is made of ir 

THE ArOMIC THEORY OF REFRACTION 

We have so far treated refraction as an effect of matter in bulk 
without enquiry as to how it comes about The gross effect must 
be a superposition of the effects of the separate atoms and mole- 
cules, and we shall now consider how cMs superposition takes 
place The hghc arising from an acorn may hare a great vanety of 
characters, but whatever these are it must ha\e one feature, that 
the wave 13 a sphenca! wave with the atom in its centre We 
shall therefore first investigate what types of spherical wave are 
possible In discussing diffraction we described a spherical w ave 
emerging from a point source with amplitude inversely propor- 
tional to the distance Though that sufficed to give the outline of 
the theory, it took no account of polarization, and it must be 
further refined fer cur present purpose We aaturaJly bmld the 
complete theory by considering what types of electromagnetic 
waves can emerge from a point 

Types of Spherical Waves. — The transverse nature of light 
makes it impossible to have a wave going oat uniformly m all 
directions We give the mathematical form of the simplest possi- 
ble wave Let 
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■r)/r, where r® V 


and A is a constant Then the eiectnc and magnetic forces are 
given by 






5 = 


JL 




-S.=o, LTv 


r d- 
c Qt ds 


c aldy 


= COS 37 r 3 '(f- 


■«rC/c), 


— j4sin27rv(f— nrc/f\ 


and the left-handed 

£1^ Acos2Trv(£— Kis/c), = -j-risin’Trvff— «tc/c) 

Suppose that at the plane c~o we have hgbt polarized along the 
direction x This is given by simply adding these two solutions 
together, and then at any value of r we shall have 


Er 


- 2 . 4 cos 2 ?rv|^#- 


/Ir-ffKj 


-1 cosirv (iij — fi -) 2 /c. 


cj 


Ey = zri C 0 S 3 TV G^smTTvOh — n r) s A- 

This mean'; that at the point 5 we can regard the light as plane ’ 
polarized in a direction inclined to x at angle irv(»j~m)s/C j 
The phenomenon is actually observed by sending plane polarized j 


If these are worked out they lead to expressions which are rather 
complicated in general, but simpler for points at a great distance 
from the source, and it will suffice to discuss the latter case Con- 
sider a large globe, surrounding the source, marked with circles 
of latitude and longitude, the pole being the axis of x The ob- 
server js on this sphere at angular distance d from the pole Then 
the wave that reaches him will have its eiectnc force polarized so 
as to vibrate in the north and south direction, and the magnetic 
force will be east and west and equal in magnitude The electric 
force IS inversely proportional to the radius of the globe and to 
the square of the wave-length, but, most important of ail, it 
varies as sind, vanishing at the pole and havmg its maximmn 
at the equator. The actual value is 

£-= Asin$cos~(ct—r)/r. 

In fig. rg {a> the observer takes up various positions on the 
globe (marked by his co-latitude), and looks towards the centre' 
then the diagram shows the vibration of the electric force that will 
reach him 

In the classical electromagnetic theory this is the wave which 
would be emitted by an electron of charge e vibrating with fre 
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Fig 19 — CPri£P'CAL %'4/ES 
T^e isss'-'/sr, sp a sphere in co^aiPijde 
trjv i^e i^fii Sad-cj tc^arc t*ifi certr^ i 

T'-s snp’ iuce and polarisatiOi of 
rece.vad are shown <a; Lire- | 
wa/5, circic-z/ave, ,c) screw-wave 


ine p:>-n: 

1 ir 1 '^ 

Dj'.ri lue 5 i? 
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- en i; i2a L'l:5ener f 
DO-zLcr.s cn the glooe 
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^on 

ret-ci". £5 Ctr'e'arly poiarteed lighE and it is important to notice 
hut they i-tiil be c; opposite tj'pes one ngnt-handed and the 
ot-er itft-handet: For other directions the light is elliptically 
p^iu-iZed ano becomes p'ane potnrized at '•he equator The in* 
’fsit} ;= nviCe as grcjt at tne poles as at the equator. 

t't"e must also corss.der a third ti-pe of ira’.e which is not so 
' u pic In The elsctrora, gnetic equations there is a mathematical 
s.mmi:tTy between the electric ard magnetic forces, so that we 
can oi:t.'".n a io'a iC.n h} mrercaanemd them roles If we con* 
3 rjc* : “ve by adc.r'y; to 'he orcLnaiy- :ir>e*wave a small “mag- 
'’e'lc" line-^u'.e vith tae SuZie pcic and same frequency, we ob- 
jiit a '.iniie in vih.ch rhe light is e'.*.-ryv.iiere of tbs same iniensitj' 
»a tur a iine--pa' t h.it := elhpticaliy polarmed mth ases in con- 
'i"”!; ratio and hms m the directions of the circles of latitude 
ana longitude Such a wm e is illustrated in fig 19 (,ci It is im- 
portant to notice that in this case unLke the circ[e-wa\e, the 
i ght-vector turns in the Sume direction in both hemispheres 
Thus the *Ahoie ’Aai e has the same screw character and we shall 
ca . it a .TCr w-uuc The icrea-wave cannot be emitted by any 
me ion of an electron It would be emitted if there were a single 
n.asEL-fic pole .movir-g with the electron, but such a thing does not 
us.'* and in fact the wave can only anse from a system itself 
na’ ing tna screw character, such as a molecule with a. chemically 
asjjTnmctnc atom in it 

The Scattering of Light.— MTiea tight fails or. an atom it 
sets the eleciroas in motion and they therefore re-emit Hght, and 
‘ne churacter of this scatterea lighr will depend on the nature of 
the atem ns well as rre incident ught. But the effect of a single 
atern li too smell to he ebservabse so that we always have to 
use a large number and tne compounding of their eSects produces 
cornplicaiiors In far: the scattenng of light by matter is a more 
P’^irutive quality thin is refraction, and it is therefore best to 
ceaace eterw.hing into terms cf scattering before we approach the 
meory of the behaviour of the single atom There are several 
difierent ways m which an atom may emit iight under the stima* 
,,*3 of light, nut we can esciude some of them from consideration 
Thus cenain substances respond by fiMrescin^. that is to say 
emitcine light of c disfereni wavs-Iength, and again mere is the 
important phenomencr. of resontivce rai-iation (g r I where the 
wave-length of the fight is unaltered but where it appears that 
tnem is do phase rela.ion oet^reer, the incident and ttie scattered 
bgh' '5cf Phdsphosescexc; AXD FtroitEscExcE ) Both these 
pfaenotnena are extfemely mteresiing but from the present pojit 
o* % lew they mav be regarued as an absorption and simultaneo us 
ru emission of the light and so thej belong to the theory of the 
emission of light and are cutsEde our scope 
The moa^ umversa- way in wiucii atoins react to light is by the 


c V ves ame equencj and ^ami“' a defln e 

nVereoch cn h dths proce s o vhicn we 

a r h ram c Cj. u ,, re pen be or re 3 C on 
octh orumarv ana csuD.e, md lor gjTu.ion in oide. ,tat aU these 
edect* maj be expiclnec we can see one property which the scat- 
tereu v/aves must ahvays have The various refractive effects are 
sd cue to an interference between tne onginai and tne scattered 
waves, and since the reiract.on is mdepenisnt of the bngatness 
of the Lent, it fonow^s that the wa’ e scatterea by an atem, what 
. e’ Lt Its other cbarictcrs, must be proportional in amplitude to 
. tae mriucn: force .nnether of its properties depends on the fact 
that for ordmury light the wc ve-lengih of the bght is siways lar 
greater than the' size 0: tbe atem. hence at any mstant the atom 
IS practically in a utulorm heia of force, and so the scattered 
wave will depend only on the polarization and frequency of the 
incident wave but not at all on the direction of its w'ave-front 
Tnese conditicns must held for any atom, but apart from them 
there is great liberty of choice ior the form of the scattered 
spherical wave We shall see that for some purposes we have to 
assume circie-waves and screA-waves but botn ordinary and 
double refracuon are fully accounted for by means of ordinary 
hae-waves, moreover for transparent substances the Ime-wave is 
exactly in phase wjta the incident .All these results can be de- 
duced by assumiag completely general types of spherical waves 
and then seeing what limitations will give rise to the vmrious re- 
fractive enects but here we shall pursue tbe opposite course and 
shall assume the lonn of the scattered wav'e and show that our 
assumption is vented For the most important case, that of the re 
fraction of a transparent medium we can summarize our assump 
tions in the form that under incident light of amphtude Eo the 
wave scattered by an atom is a iine-wave of the form we gave 
wvth pE,j written for A, and w'lth pole along the direction of Ea 
Then p, wnich depends only on the nature of the atom and on 
the frequency of the incident light, is the scatteiing constant of 
the atom 

The Light of the Sky. — The most primitive exhibition of 
scattering is noc found in refraction, but in such phenomena as 
the light of the sky {q v). and it is therefore appropriate to dis- 
Cuss this fir?: Supposing tnat the observer looks at a point not 
very near the sun the light mat he sees will have been scattered 
through a oroad angle, and the phase of the light-path, sun' — atom 
— ocservsr, wil be d.frerent for each atom Consequently the 
waves from me separate atoms do not reinforce one another If 
the atoms were arranged with perfect regularity their waves would 
arrive at the eye with regular differences of phase and would 
destroy' one another so that the sky would look black, however 
the uniform density of gases is not due to systematic regularity, 
but to the unsystematic regularity produced by the enormous 
number of atoms The atoms of a gas have no ordered positions 
as they have in a crystal, hence the brightness of sky light will 
depend on compounding a large number of similar wav'es of quite 
arbitrary phases and taking the average value of the result. Con- 
sider a set of « atoms each of vvh.ch is giving a wave of the same 
magnitude, but with phases e„ The resultant ampli- 

tude will be proportional to co£«i*pCose2-l- . -^-coseB and the 
intensity is the square ot this Now the square will consist of 
terms like cos-e. and others hke 2coseiCose2 The latter of 
these are as Lkely to be negative as positive, so that they wdl 
average out, but tbe former has average value f for each separate 
term Thus the average intensity scattered by the n atoms is just 
n rimes that scattered by one If then we want to know the bright- 
ness of the sky we only require to calculate the mtensity scat- 
tered by a single atom and multiply by the number of atoms in 
the field of view 

We wall suppose that N is the total number of atoms in a 
small so-ic angle, the illumination from which is to be found 
Then, from the formula for Lne-waves, w'e shall have an intensity 
nroportiona! to .VFo* p/X\ and here £0- is the intensity of the 
direct snnilght. Now in fact p, the scattering constant of the 
atom does not depend very much on the wave-length, as long 
as we only consider visible hghi and we can therefore say that the 
hgh scatte ed is in ersely proport onal to the fourth power of 
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Another property oi the sky-hght is its polarization. Consider 
a point of the sky at right -angles to the sjn The unpolanzed 
light Irani the sun may be broken into two polarized components 
ore of which has electric force pointing at the observer The line- 
waves induced by this component will have the observer at their 
poles and so mil give no light towards him He will therefore 
only receive the light of the other component, and this will be 
polarized in the direction perpendicular to the line joining the sua 
to the point observed At other angles both polarized components 
are present, one m constant intensity and the other proportional 
to the squared cosine of the distance from the sun If the sky is 
actually^ obseiv ed at right-angles to the sun with a mcol, it wdl be 
found that the polarization is not complete. This is partly to be 
attributed to rays that have been scattered several times on their 
way to the eye, and also to the fact that, though we have spoken 
only of atoms, the air is mostly composed of diatomic mole- 
cules, and for these the hne-wav’e need not have its pole exactly 
coincident with the direction of the incident force There is also 
usually a complication due to dust which acts by direct reflection 
and makes the sky much brighter near the sun than at broad 
angles 

A most interesting application of the theory of sky-light was 
made by Lord Rayleigh (3rd baron) The barometer shows the 
mass of the atmosphere, and so, by a direct comparison between 
the brightness of the sky and that of the sun, it is possible to 1 
deduce how much light is scattered by one cubic centimetre of air ' 
a+ ground level In iact, if iV is the number of atoms in i cu cm , 
we can evaluate iV/j® Now, as we shall see, we can also find Np 
by a study of refraction, and hence we can estimate iV The 
process led to one of the earliest good determinations of the funda- 
mental constant of Avogadro, the number of molecules in a 
gram molecule Similar processes have since been apphed in the 
laboratory, with the advantage that the incident light can be 
itself polarized, and similar results are obtamed 

Scattering As the Cause of Refraction. — ^\Vhen we deduce 
refraction from scattenng we are dealing with an incomparably 
greater effect than in, sky-hght, because here there will be phase 
relations between the original and the scattered waves, so that 
we compound the effects of the separate atoms by amplitudes in- 
stead of by intensities We suppose that light-waves as they trav- 
erse matter have the same velocity as hght in free space, but 
that they set up secondary waves from the atoms w'hich, also pro- 
ceeding with the velocity of hght, interfere with one another j 
and with the original wave When the compound effect has been 
calculated, it is found that it can be expressed by altering the 
wave-velocity of the original wave and disregarding altogether 
the scattered waves and m this way refraction is explained 

Take a thin sheet of atoms spread over a plane on which mono- 
chromatic hght falls perpendicularly The diagram of fig 7 will 
describe the process, provided that we now regard the plane as 
composed of matter Each atom will emit a line-wave, and the 
effect at P will consist of the superposition of these waves on the 
original beam which is supposed to arrive at P undisturbed The 
process is very hke Fresnel’s discussion of diffraction, though 
there we imagmed that the original wave was suppressed at the 
plane AB Suppose that there are N atoms per unit volume, in a 
thin sheet of thickness I spread over the 2 plane, and let the inci- 
dent wave be 

£j=Fco3^(ri— s) 

A 

The effects that all the atoms produce at P can be summed just 
as m Fresnel’s construction, and the result is an amplitude 

2w 2ir 

~ 2TrFI^lp-—sm-:— (d— sj 

A A. 

Tbe mportan pom to not ce Ls that the phase differs by a 


qu rier e len^ n t om tha 0 he or gma. w avc Ju 1 due 
0 he ac tna he ca ered wa .5 are n phase h the me 

den and s n con ras wi Fresnels con ru t on n which n 
o.ner g... ^he r.gh. ie,^ul,.. .he ph-se had .0 oe ad.anced bj a 
quarter vuve-Iength We now add the two waves together, and 
takmg advantage of the smallness of the scattered wave, we find 

Fcos^ [Cl — s-t-2irATp] 

A 

If we adopt the ordmar> process of refraction and attribute 
the change of phase to the changed wave-velocity during the 
passage through the thickness t of the sheet of matter, we should 
say the emergent wave was 

Fcos" [cl— s-r(K— i)l], 

A 

and so we may identify k— i Mth airiVp This is tbe physical 
ongm of refraction We see also how the reflected wave arises 
for the line-wave from each atom will be exactly tbe same at tne 
point which is image of P in the plane AB as it is at P and so 
the total amphtudes of the scattered waves will be tbe same at 
the tv.o points, but for the reflected wave there is no interference 
with tbe incident light It is easy to venty that the actual reflected 
intensity is that which should arise from a thin sheet of refractive 
index « and thickness I 

We have only treated of the small elfect of a thin film and this 
contams the essence of the process, but it is of coarse necessary' 
to discuss matter in bulk Here the scattered wave from everv 
atom acts on every other atom and so complicates the wave 
scattered by it Nevertheless the problem proves soluble and 
leads to a result not very different from the simpler case The 

mam difference is that we now have ^;j5q:^='|7'’.Wp, in the special 

case when Np is small, n is near unity, and this reduces to 
K — 1 = 27 r XTp as before The general solution for oblique incidence 
verifies all the formulae that are given by the ordinary bulk 
theory but the idea of scattering is helpful m seeing directly how 
reflection and refraction come about When hght falls on a thick 
slab, the atoms are set in motion and their scattered waves are 
all in defimte phase relations to one another It we consider a 
point outside the face of the slab it will receive all these waves, 
but those from tbe interior will have phases spread uniformly 
round the 360° and so will cancel out. Thus the reflected wave 
will arise from the atoms in the face where this uniformity ceases 
to hold The existence of the polarizing angle becomes immedi- 
ately obvious, as it lb nothing but the rule that m a line-wave 
there is no emission towards its pole, which 15 perpendicular to the 
direction of the refracted wave 


The formula 


-^ttN'p was discovered by Lorentz (by a 


rather different method) and becomes the foundation of the theory 
of dispersion He deduced an important consequence from it 
When a, substance can exist in two states, p will be nearly the 
same for both and N will be proportional to the density, so that, 

17^ m 


if d is the density of either state, 


■I I 


-2 d 


should be tbe same for 


the two This is verified by comparing tbe refractive index of a 
liqmd and its vapour Since their densities often differ by a factor 
of some hundreds it is a very stringent test and is often fulfilled 
to within one or two per cent We should hardly expect perfect 
agreement, because the liquid molecules are being perpetually 
disturbed by one another, so that there may be a small change 
in rhe value of p attached to each molecule 

The explanation of double refraction follows a very similar 
course The sheet of matter must now be supposed to react dif 
ferently under the stimulus of light according as it is polanzec 
along * or along y In each case there is a line wav'e emitted witl 
pole along the direction of the incident force, but the amphtude' 
are different and so the phase changes m the two component 
of the transmitted wave will be efifferent Tbe detailed consider 
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Tie drst fact'-’r CiCariS a redGCtioa m amplitude, <■ e,. absorption, ) 
ana there i» aiao refraction just as Pefore. Thus bj 3 suitable 
chsoice x o and 71 ve cac describe the obserrad behaviour oi aa> 
absoro.og suost-nce rb-* tail thpor% ,a best expressed in teriaa , 
ot coh'pScx au..r titles and lead^ to tihe equatioa , 

' — . 1 .'“— a“ , • ' , i 

z ^__ = __Apc ''. ( v.iiere:=\ — r), | 

sc that ws can deduce p and v from a knoatedge of ,: and <t. 

ic has been mentioned that transparent substances are usually 
opaq-e fer light in some parts of the spectrum and the theorj 
of this ;s fair.y vred tmeerstood. In these regions the pnase ij ^ 
tan take any value betvifien 0’ and iSo’, This theory however , 
does cot aj^Iy to metals, and it is a ver\- interesting fact that. ' 
ii vi-e u«e the observed talues of n and k to calculate p and 3? for 
metals, the phase ceange 17 is in ab cases quite smaJl For die | 
very highly reflecemg sodium it Is only and for silver little ; 
mere than wh.le. even for ijch a peer redeccor as steei (stJTc , 
at peipenoicubr mcideace}, the phase change is not These | 
incts are quite unesplaiaeQ, they suggest however that -tije phase ; 
thange is not the typical characteristic of metals, but ihat their ) 
high -efiection is ratner to be attributed to a large scactemg 

power : or, jf we consider a Eranspsren: substance in which ~ Np 

3 

IS gresier than unity, we fnd that n- must be negative and there- 
fore n js imsginaiy and this means that che waves in the medium 
are snroagiy damped From this po.nt of mew metallic redeetzon 
1= more like total internal reSectioii than like the reflection from 
an absorbing suostance j 

?fatural Gyration. — Vie have seen how gyration arises froni j 
the diherence between die wave-velocitiss of nght- and left-handed j 
circularly polarized iigr.c It is a screw properej' and can only be j 
exhibited by mcieriiles containing 0 ..hemicjily asymmetric atom 1 
Tia ccnciTicrt is exactly that which psmuts of the emission of i 
ivhat He have called a screw -wave, and to explain gyration it 
'3 only necessary to suppose that, under the iiiflaence of plane 
polarized icciden; hghc the rpolecde scatters a screw-wav'e. We 
take as before a tbm sheet in the xy plane iJujiflaoted by plane 
poianzed light, 

-F,*=FcoS” t.rf—;) 

A, 

Each molecule emits a srrew-wave which has sris along t In | 
any direction a screw-wav'c can be resolved into a main com- i 
ponenr which is like that of a line-wave and a weaker component I 
cc right-angles and s auarter period behind Take p for the ' 
icaiiering canstanc of the tr.e-wave and tr for the other com- 1 


pc T ec* wne we n L oe es scattered by the mole- 
euxes the Ime-v.aves wid coTTpciznd as before into 

- z rFX ip - s ) 

A ^ 

along - Let there u-L now be a conipoaent along y of magm'tude 

~2~Fyij ~C03~ \Ct~d) 

A A- 

If le aod these small quantities on to the original -wave we find 
‘ apprczrimatei/ 

£x = F tos~ (ri — c i- 2 s-iYpt) I 

— ctAW - “ ' FcoS'y (ct~s-r2irYpf}; 

and this means that the light is now plane poianzed at angle 
—nir-Vixf njr/A to the x direction. The rotation is proportional 
to 1 , the thickness of the sheet, and the other factors express the 
gj-'-auonal constant. The theory for matter m bulk gives a 
sinuiar result, but presents it by shoa'ing that there are different 
refraetzve indices for nght- and Ht-haaded circularly polarized 
light 

Magnetic Gyration. — ^In our discussion of the refraction of 
isotropic bodies, we saw that plane polarized light might be sup- 
posed to samulaie the emission by the atom oi a Ime-wave Now 
circularly polarized light can be constructed out of two plane 
polarized components at right angles and differing by a quarter 
wave-kngth in phase, and what we have called a circle-wave can 
be co-istructed out of two iine-'waves with perpendicular poles 
and phases diffenng by a quarter penod Consequently we could 
have worked out the theory of refraction just as well using circa- 
kriy polarized light and circle-waves, and in di.scussmg magnetic 
gyration it .makes a convenient starting point to do so t^Tien an 
atom is in the presence of a magnetic field it behaves in a sense 
as though It were in rotation, about an ams along the field’s 
direction wi’-h velocity proportional to the field strength We 
shwil see how’ :his conies about when we discuss dispersion, but 
can e-splain the gyration without reference to the detailed theoiy 
If then the atom is iHummated by circularly polarized light, it 
will react differently according as its magnetic rotation is with or 
against the rotation of the hght-vector We may describe what 
happens by saying that the atom’s scattering constant will no 
longer be p, but /i+r and p~r for the two types of circularly 
poianzed light Here r wiD be proportional to the strength of the 
field and li is usually to be regarded as much smaller than p 
Suppose that the incident light is 

JSx=Fcos~ fri— r), S^^Fsin— fc/!— 3) 

A A 

! When the scattered wave from a thin sheet is superposed on 
j this Ti'ehave, by the same construction as before, 

£x=Fcos~ [rf-z-f-zTriVfp-hT)/}, 

A 

i 

! i;v=F3m-~[a-c-t-27rYfp-}-TV]. 

s 

i But if tie incident light is of the opposite type it will be 

=Fcos~ (ct-rj, -Fsin^ (ri- 4 , 

A A 

and the resultant wave wiU be 

Ei=Fcos~ \ct~~zT-2TrN{p--T)l\, 

I “Fsia^ [ri— c-PzirATp— tU] 

I If ue add these two solutions together the incident light is 

I F, = Ey = 0, 

f K 
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DtSPERSlON OF LIGHT 

S. Uniaxial crystal llJummated betWEen crossed nicols 
The iwff ists of rings full fogeilier T. Bisxiat crystal illurcinatsd bitmen crossed niools 

8 Aoomaioos oispersicn of sodium vepoyr. The sapaui 
en lifltit of merourv. The two se*s of prism. The two breaks in the horitontal (me oc 

/ery close iogather .n the sDBctrum Ddities, where light b absorbed. For each the ( 

(left) IS sl'oDflly refrscied downwards, and on tr 
® Al greater distance refraction 15 too small to be pt 

angular bole. Inset is shape of hale 9. Magnetic gyration of sodium vapour The (,ne on ih 
e fgure is narrow oomgonents, whereas that an the right bss two sam 
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a d the transm tt«l ght us 


Ex~iFcos-:r 

A 


: ”f 3 - 7 r 5 ' W'l cos— ( 2 ttN tI)^ 
\ 


2 'ir ^ 2 ^ 

£^=a/'cos~ tt.J~u+3T7.VjCj', siri^ fair-Yr^); 

so that the plaae or polanzat^on has turned throiigh an angle 

~ (svSrl) This is proportional to the thickness of the sheet 

aud, tarough r, to the strength oi the magnet-c fie'd The re- 
maim'tig factors aie individual to the substance of which the 
sheet is made The constant is oJten called the Verdet constant 
after one of the earlier investigators who measured it for a number 
of substances. 

„The magnetic gyration is usually very small for practicable 
magnetic fields. It occurs m all transparent isotropic substances 
and for light going along the axis of uniaxial doubly refrai-tmg 
crystals , for other directions it la masked by the double refraction 
There is a very remarkable similar effect when polarized light is 
reflected from the polished poie of a magnet For perpendicular 
Inudence the plane of polarization rotates, and for other directions 
there are similar more complicated changes in the rule of reflec- 
tton. The Kerr effect, as it is called from its discoverer Is evi- 
dently like the magnetic gjuation in transparent substances, but 
Lts theory is very" incomplete. 

The two types of gyration, natural and magnetic, are radically 
difierent in character, as is shown bs’ the fact that one depends 
on a screw-wave the other on a circle-wave. The consequence is 
chat m natural gyration, if the light is reflected back so as to 
traverse the sheet again, its direction of polarization turns in each 
passage hke a screw of the same type and so it comes back to its 
original polanracion On the ocher hand magnetic gyration is due 
to a rotation not a screw so that if the hght is refiected back 
again u rotates in the same d'rection as before and the angle of 
tururng is doubled 

DISPEKSION 

We have traced the optical effects of matter m buik to their 
source in the atoms, and in doing so have only found it necessary' 
to use the ordinary conceptions of the classical theory of dynamics, 
but as soon as we begin to consider the atoms tbemseives we get 
into difficulties, because in fact the atom obeys quite diSerem 
dysaitiical rules These rules, which are the principal subject of 
the quantum theory (go 3 - are fairly weE understood, but since 
our whole practical experience is based on classical dynamics, 
they are very bard to apprehend in anything but mathematical 
form; regarded physically they appear to contain an unsatisfying 
dement of irrationality, rihich is really to be attributed to limita- 
tions in our habits of thought, For the purposes of the present 
subject it is fortunately possible to some extent to avoid these 
difficulties. The quantum theory gives certain rules, very unlike 
those of ordinary dynamics, for the intensities and frequencies 
of the spectral hues emitted by an atom or molecule, and it also 
predicts how such, an atom will behave under the inffuence of 
light Though both these aspects' of the theory are quite different 
from ordinary dynamics, they have this in common •with the 
classical theory, thal if we make up a purely classical model to 
imitate the emission (though in many other properties it will be 
quite wrong), it will react correctly for the scattering of light 
For coni’enience of c&’culation. we thus imagine that associated 
with each atom is a phantom vmml atom, which mil suffice to 
work out the optical effects. An actual atom contains only a few 
electrons, but the virtual atom contains a virtual electron for each 
hue of its spectrum, and the charges on the virtual electrons are 
usually much smaller than the known charge of an electron Since 
the spectrum is composed of nearly monochromatic lines, we 
suppose that each ^ortiwl electron is free to execute approximately 
harmonic vibrations The relation between the emission and the 
scattering of light by the atom is then akin to the relaiion 
of free to forced vibrations in a harmonic inbrator 

Free Vibrations of tfae Atom. — ^Let us suppose that we have 


, a v.rtual electron of mass m vibrating along the axis of x. under 
^ a force Kx towards the origin. It iviil obey the equ.mon 

d'r , r- r - ■ T- V" 

m -r-, tEx =0, or it A = tn[_2irvi)~. 

ai^ at- 

If left entirely to itself such an electron would vibrate with 
, constant amphtode and frequency Vx for ever; but it cannot 
■ ' be regarded as left alone because the moving electricity wM 
i be perpetually changmg the electnc forces everywhere in the 
J manner that we have described as a line-tv av'e This wave will 
[ carry away energvn which is supplied at the expense of the elec- 
tron so that As amplitude must decrease The electron is always 
hosed mih the aether md it may be showm that the reaction of 
’ the aether on it can be represented by introducing a damping 
term so that the vibration is expressed fay 

d-x , 2.0" drx 

0 

I where e is the charge and c as usual the velocity of light The 
, j new term is verj' small (except for penetraung X-ray frequencies), 
. I and I he equation may be solved by approximation, and gives- 

This represents a nbration which decreases during each vibration 


j bv a fraction - — 4~^v, or !/\ where 1 is — for an or- 

i 3 i 

dmarj' electron it is 3-7Xio'’-cm and, as the charge of a virtual 
electron is usually smaller, ihe aj^roxunation is evidently jasu- 
fiable for ordinary light of wave-lengths about ro*^ cm. The iitie- 
wave emitted by this electron will also be damped with the con- 
sequence that, in Michelson's interferometer, when the two light- 
paths differ by a considerable amount the mterferesce will be- 
come imperfect This is in fact observed, but usually for path 
differences somewhat shorter than might he e.xpected If ■ 5 ve 
Imagine the light to be passed through a grating we observe the 
same phenomenon it a slightly different way, the damping factor 

I gives the line a finite breadth and in fact spectral lines are nearly 
always somewhat broader than is indicated by the theory of 
pure electromagnetic damping. A variety of causes contribute to 
this broadening, such ss the frequent colhsions between the 
radiating atoms and air molecules for these collisions will change 
the phases of the emitted waves, and the Doppler effect of the 
motion of the atoms, 'which slightly alters the frequency These 
effects can both be observed directly by alterations of pressure 
and temperature, but it is uncertain whether they are sufficient 
causes of the broadening. The whole question is getting very 
near to the point where the classical conception of a ■virtual atom 
fails, and also to the limits of experimental technique, and all 
that can be said is that under the most favourable conditions it 
seems that the damping is not far from the value predicted by 
electromagnetic theory We can avoid raising the question by 
introducing a fictitious damping factor which replaces fhe electro- 
magnetic and may write as our equation , — 


47T— 


for an or- 




( 3 TVi 3 ”r= 


so that the electron’s motion is resisted by a small force ws<r 

it 

and as long as c is small we do not need to enquire into its origin. 

It IS necessary' next £0 suppose that the atom contains a num- 
ber of virtual electrons with different frequencies, and so to 
adjust their properties that the spectrum hues will occur in tfae 
correct relative strengths Suppose that the first electron, with 
charge Si, frequency vi, etc,, is vibrating with amplitude Ui 
Then it emits a line-wave, and, at distance r in the equator, we 
have seen that the inteiKity will be proportional to vx^e^a^^fr"^. 
In order to compare this intensity with that given by the second 
electron e, ■we have to consider what their respective amplitudes 
will be. This requires an assumption, and the appropriate as- 
sumption to make (subject to sortie conaitions ■which ue shall 
not discuss) is the eqmparatlon of energy', that on the average 
each virtual electron has the same energy Xow the energy oi 
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Forred Vifctatjons of the Atom. — 


Jlf,! -1,1. 
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tr'C- . .r.pa. zior. 
: 'Tec actfrg on 
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.i:a 'r'l'" r jf :he firs: efcetra 
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r j£ re arCj^acaifa c: :hc; e’e^tr r foi.e £ arc ^ 

's 3 ; lire^wSEc;.'; ;io c:''c'c;'Cio c. .'lie ii-s'f-rr jiit a.es kj: natter 
Ti-E 1 e ite eq^-aLoj vb^^h s'es the omnao pJtnoriepor. of 
v 5 o~An:e, aro t,c nt!;: -a? ’orm tajt .ts sjlutfan takes, 

’cr c terert tre^^ertiss oj tic jnetdea* -izat In the irst ptace 
“ P-a:s prutttsc.. .y ro oirt ;r, :ne soiviion rfccn ic is small 
f. -,Fr> rcir -■ E\cii!d,og tk't rase .le hat e 
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I: ><f, Ti Is m pxjose n.'h the 

exctnc: force £ ar.ti its fir'a. .-Oe , ; / 

ktreases sfrotgi^ as I- .approaches ’ / 

ti If ?>Pi the pr.aje! arc 

ouposits, the amplitude 15 small 
tor large tnaes of v bo: as s. 

.5 i-pproiched front sbote u be- 
cortiiS large \sei Sg :c; There 
IS lilts 1 transitional stage ivhen 
S' passes ihrougn ft, and Li this 
^laae v,he asipktuae of or, has to 
pass from a large poaitue to a 
latste neganve va-ue in order to 

im how it does so we must Fig 20 —the response op an uv- 
mcladc the damping term in our DAtaoEo eesoivAroR 
aqastiO.n There is now a phO'S tnrcwj a rtsanalor 

<,.,!i.rer,ce between sad £, and o? itt« fjrcs the erSinats f>-ows irc 
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'4 here tan y - - If f is ntneh less tlian f , the phase angle 

y IS prac:ic 5 il> zero, and cor: ‘nit's so up to values diffenno- 
tmm K by n not >mri Lrge mu'tipk ot ir From this point on 
the p-T 3 se grows .-apltjly and becomes 00° at and then 
-E cressts further, so tnat at an eq^ai distance on the other side 
Of f, jt ii> pmenediy r<'c' _ The amphtuue follows the course of 
fig 30 r.eirjy up to y,, huj initjad of becoming iafimte it attains 

a vori krg« mimmuiii ar f=f. of smouitt — .and then 

r>!, 2-Kfff 

deweass^ Vi hen well heyaitd h: it has the same cottise as in 
Eg. zo. but with changed sign now because the isegatii-e Vdiue 
^ solttwed tor by the phase Fig n shows the general feature'^, 
but li has oeeu necessary to take a compArativdy large value 
'jt IT ta ursaer to show the form cle<iriY In the sgure e- :s zrvv t 
wsercas for actud spsetra ii is d the order of VjXio-\ so that 
m anj ^agrasi whicn showed the ma.Timum the rest of the Genre 
would quite iuvisjb{& J; thus appears that, except for fre- 

^ ^ disregarded and we 

Shall im the most part ake advantage of this smoIiScatioG and 

% 20 iwtedd of ns* ^r 

^ mmrn^ Pona«k,~The moticn of the electron, forced ' 
m this w«y, wi,i cause a iiae-wave to be emitted of which the ' 
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iH,- — R-V, The other virtual elec- 
trons will give similar ejects ard 
they are aii ■to be SL,perposed 
Thus rhs nrtual atom will haie 
I idtr criu^cohstjnrpraport ion al to 
Buy 3 ,p.r 

JV- -y- vF - pF ^ ■ 

This iS the best form, for thaoreti 
cj purposes, but expenmentai 
uork more frequently makes use 
of ware-lengiiis Re-writing t£e 
equation we have 

Si\'- S_,X- 

^ K^-X} ' X'Tfv'^ 
as the dispersion fotmuid which 
should af^ly for any wave- 
length .uoi: too close to Xj, X,, etc 
The rebtne magnitudes of 
the terms are derh'abla fiom the 
inteasifjcs of the associated 
lines 1C emiEsioii spectra Their 
absolute values can also be given 
bj' carrying the theor' soirewhat deeper, and we shall touch on 
this below , 

We may r.o.v coiisider the march of events when a substance 
IS 4 >ni 3 iiiated by hght of increasingly shorter wave-Ibngth We 
wii- suppose X(>X.>Xc . We saw that the refractive index 
depends on the product of p and the number of atoms in a cubic 
centimetre but as we have omitted a factor of proportionality 
already, we may also ornii the factor for the mimber of atoms, 
and may equate p above to Tid-br) For vert long 

Udv& we shall have practically > 

1 : /,'= is deduceu from tins it should agree with, the dielectric 
constant determined by purely electrical means Though there 
15 little doubt that tins would be verified, optical observations 
are usually lacking for sufficient!}' long waves As X de- 
creases the first term, grows in comparison to the others, because 
X---X1- gets more rapidly smaller, and just before Xt this term 
entirely dominates the refraction. At \ there will be a legion 
of absorption and on the other side the first term wiU be negative, 
tne rest still positive As X decreases further the first term , stdi 
negative, shni^ in importance and the second grows until near 

Xj when it beco.mes domirant 
Passing tieyond Xi it changes 
sign and later shrinks in impor- 
tance. its place being taken 
by Xa and so on. Finally wlien all 
the hues have been passed, 
(tf®— r will be negative 

and proportion dl to the square 

of the Vice- length For a strict 

Fks zz— a DispEftsjon CURVE te^t of the theoretical dispersion 
SHOwmsTHE WAY sEf-RAcrivE IN- Egoinst expcniTieiit we snould 

iiom fnat of (ir— 2) ■ 

I but far a ^ rough companson this is not necessary Where 
I (» IS large so ;s n, ■when the former is nega- 

I :ive 71 IS less than unity, and, if » is plotted against frequency 
tae curve will have the same general cLarnctenstics as has 
cn‘~i)/(K- 4 . 2 ) .An example of the general course of the de- 
pendence _ 01 n on frequency is given without any numencal 
a^uracy m ag. as There are supposed to be three fines of which 
the tmdule one is the strongest In the neighbourhood of each 
hue the refraction cannot be observed on account of ateorption. 

As each line is passed there Ls a strong decrcaoie in the refract v e 
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j^de’i ass-oc ated itb the change of phase of tae correspo d ng 
irtuttl e ectro b) 180'’ "Wbethe the ref act e ndex ac ugJJy 
becomes less than umty ill depend on the breadth of the an' 
oteer 4 fale region and oa the strength of this line compared to 
the others At frequencies higher than the highest ircqucucy ^ 
of the atom the refractive index will alti a\'s be Jess than units', i 
and sucn values have been found for X-raj-s, though, stnctly ■ 
gpsatong. even, here the atom baa higher frequencies still. i 

iluch the most striking example of dispersion is the phenoinenoK ■ 
caited anomalous dispersion though in fact it k not at all J 
anomalous There are dyes which strongly absorb certain colours 
m the spectrum while being transparent to the others; thus if the 
green is absorbed, the dye will look purple by transmitted light 
In consequence of the very strong green absorptioa there is a 
reversal m the usual order of refraction The blue light, which 
lies on the short wave-length side of the green, is much less re- 
fracted than the yellow which lies oa the side of long wave-lengths. 
Fig 23 shows with some exaggeration the w’ay m which a prism 
made of such a colour would find the spectrum back on itself 
A similar elfect is shown in Plate, %. S for soduinx vapour 
Sodium has two very strong hues close together in the yellow, 
and both of them show anomalous dispersion A dsrce containing 
the vapour is given the form of a prism, and v;hite light is sent 
through it Tins light is then sent through a spectroscope so as 
to spread out the colours m a direcuon at right angles to the 
dispersion of the prism The colours on. opp(is..te sides of either 
of the sodium lines will be deflected in opposite directions by the 
prism, so that tbe^r images on the photographic plate are shifted 
up and down m Plate hg 8 The form of tne dispersion curve 
is thus made directly evident. 

On account of the brilliance and fineness of the sodium lines 
sodium vapour has been used with more success than my other 
medium in the study of dispersion, and several important results 
have emerged It has been found possible to make direct measures 
of the absorption of light in the immediate neighbourhood of the 
two lines and so to evaluate the damping factor cr; this was found 
to be in quite good agreement with the electromagnetic damping 
factor Another important experiment consisrs in finding the 
absolute value of the scattenng constants for these two lines 
of the sodium atom. Ihe theory of this depends on quantum 
pnnciples, and cannot be given in detail; but. loosely speaking, 
the two virtual electrons together correspond to a single actud 
electron, so that if we can make experiments in which the two 
lines are indistinguishable, the scattering constant should be 
given by the use of the ordinary values of a and m The straight- 
torward way of doing this would be to observe the refraction wnh 
light of a very diflerent colour because then the di^erence be- 
tween the influences of two such close lines ivould be insensible, 
but this is useless because the refraction itself becomes too 
small Indirect means depending on magnetic gyration have been 
used, and have entirely supported 
the theoretical prediction that 
both lines are due to a smgle 
electron. 

The most accurate measures of 
refractive index have been made 
with transparent substances, 
substances in which, the ab- 
sorption oniy occurs far in the 
infra-red or ultra-violet To an- 
alyze the dispersion the usual 
procedure is based on the fact 
that for the mfra-red terms, can be expanded m 

powers of while for the ultra-violet terms it can be expanded 
in inverse powers of X®. A formula is therefore constructed of 

the type A-i-CX^+ [-^X-^+FX-^ 4 - - • , and A, C, ' 

are fitted to the observed values of Cw^~i)/('if" 4 - 2 )- The term 
in C corresponds to the infra-red lines, and A, E, F to the ultra- 
violet, The actual positions of the lines ate then found by trial 
The infra-red lines, or, more usually, bands, can often be fixed 
With fair accuracy, both by experiments with rest-rays and by 
observing the refraction near them , but the ultra-violet are more 
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FtS 23 — AKOMACOUS DISPEBS'ON 
Tho absorjilfon in ihe green makes tte 
yellow more refraoled than the blue 


trouDle&orae because t s often not poss ble to get observations 
ve _ coa_ to tne hues. Indeed it is usually found that uave- 
iengthb and B^s can be chosen with cocsideiaole latitude and 
can yet give all the observed results with a high degree of sc- 
ciiracy The i^'hoie process is very laborious and has only been 
carried out for a feu substances, such as rock-salt and potassium 
cnlomde It is found possible to represent the refraction by one 
term for the infra-red and perhaps two in the ultra-violet, to- 
gether with a thiid constant terra which muse correspond to 
wave-lengths so short that Xo-j does not change pei- 

ceptibly in value the whole region accessible to observation 
The ultra-violet hues are attributed to electron, vibrations of 
some kmd. but those in the mfra-red arise through the moticus 
of whole atoms, and have been fitted satisfactonl}' into the general 
dynamical theory of the crystaiirne state 
The theory of the refractive indices of gases is distinctly 
more advanced, because their emission spectra can be studied 
wiihout the radical change of state ihat wodd be necessary for 
souds In the case of metallic vapours, such as sodium, the theory 
may be considered complete, though its practical veriheation is 
somewhat dificult The spectrum ot heh'uni 15 known, and the 
measurement of its refraction has led to an interesting result- 
The fines of ail aiomic spectra fall into .series which converge 
towards a nmte limit X^, but beyond this fimit there is a region 
in which there is emission over a continuous range of wave- 
lengths Corresponding to this it is found that the refraction of 
helium requires an. expression 

fP-~i SX , , 

„H, x>-v+ ->'] v-,= ‘ 

In the case of the ordinary permanent diatomic gases the spec- 
trum is not so weU-ktiown, for an electric discharge is required 
in order that the gas should be luminous and this breaks the 
molecules into atoms Even without this knowJedge. however, 
one feature can be predicted for a molecule composed of two 
identical atoms, the atomic vibrations which are of infra-red 
frequency will have no optical effects at all This is confirmed 
by the dispersion formulae which for the permanent gases have 
only ultra-molet terms. 

The Itispersion. of Magnetic Gyration, — The dispersion of 
doubly refracting and naturailj' gyrating substances has been 
studied, and fits into the same general tj’pe oi formula but the 
theory is veiy complicated On the other hand magnetic g^xatioti 
IS fairly completely understood, and, as it has thrown much fight 
on the behamoar of atoms, we may consider it in more detail. 
We first take the simplest case, which is not in fact exhibited by 
many t>'pes of atom In a magneuc field an electron experiences 
a force proportional to the field and to its own velocity, in a 
mrecticn perpendicular to both, and we cannot therefore now 
limit the electron s motor) to a single line Taking the field along 
c (and omitting the damping factor by the exclusion of cases 
where it would be important"), the motion wiii be 

+miC2rvi)"-c — ^E^ =eiE^, 
at'' t dt 

Wj ~ +wJif25r*'.)’j.'-4- — 

fir C Ct 

Take the incident light to be circularly polarized, so that 
Tflien the solution is 
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;ei .iu„o see thxt ijt vaiuts zi > ci opposite sices oi vi—u 
M;-re aii: be a pha^s euSerence of 180' O.i ihe other hand tte 
secoif S'da'ioc not shc^s tins cnaage at the same point, 
but dt f,— a' isstesc. 2fc:= 3i*;nc;s to outiiae the behavtoar of 
the g -ratio 1 Eg t4 As v ^acreascs tovardi the viiue 
the ig.rctxvjE rap.dlv increases At v^ — u the light is ab- 
s.'TLvd, tut on the otPer side where it is again observable it 
gvrates straggly the opposite way. As i' ncreases tarther the 
S; rai'on 
1 ! 


3 ccKfietcd bedj of knowiedga. Ocij where we leaie the 
consideration cf irniter .n buik ard come to atoms do we en~ 
Loanier mere caoiojs cjsstiocs Since tte beginnua of the rolh 
century atcimc theories have been in a slate of dtsx and it ’s 
tecessaty- ^bai nre shouio racicailv revise o-nr concepnon ot 
particles, and profcabiy of ume and space as well, but, however 
great the changes, and however new the language we may be 
sere that the o.cer worn wid stand, ana tnat tbs new theory will 
accaniiTiccate within itself the wave-theory of tight 
SffivoGiCi.rffv — Tr.ere art severat euellent books on the thaorv 
cf LgLt. i r exjaipk' 7 ’/:^' Tkeor'. of O^ltcs by P. Drude, or The 
Tret/fv cr Ofuis b_. A Schustsr ttne Lst ed tion b> Schu'^ter and 
X'cho-soi; inciuacs an accouat ot medern spectrum theorjO Physical 
Ophss by R W Vv'ooa covers the same grounct from & rather more 
e.pc’nasiiLi- port ot ve.v Aft admirable account oj the history of 
the sub.ect .s giren in Htsiory or the Theories of Aether and Electnufy 
ty E T fttiitiaker. T’se Thecry of Electrous bv H A horente is 
wr-te i crr-'-erctd ,iitb jnsriv optical subjects espeaally refraction, mdudias 
n-ic rcrract-on of moving mecLa In Ravleigh's CoVecled rVoris there 
mport&m papers on tjie Ii^t of the skv, resolving pow'er 
...e -or practicotie • pjobbins. (C G- I> 1 

, LIGHT AND RADUTION IN RELATION TO 
, HEALTH. The pheftotnena cf life result front the reactions of 
, brag stihsiarice to rncliitat energy and depend primarily on the 
! sun 

J AH radiations are csnceived of as electro-magnetic waves con- 
( ducted in a hypothetical medium aether, and traveJJing with the 
veicvity of light, iS 5 coca a second According to theory each of 
the atoms (sea ATOiiJ of wmeh a cherracal element is composed 
consists of a central nacleus positively chargea (protons and eke- 
‘ trons densely packed, and electrons negatively charged, xevolv- 


ve v 


ic tz -vrite tie ceacmiEsicr 
■w - 



seeiBg nveh wav the pia.ie of po-ar-zation "otates, it is possible 
to find the aigr. of the ekcirm charge ", this is negative as is that 
0: tits nctuai electron. It vviii be seen that our calculation in- 
dicates the presence 0: t,vo reg-ons of absorption, winch tmphes 
teat the original line has been split nto two by the magnetic 
Ccid The phenomenon can also be obsvrved ;n emission, and 
IS then talkd the Zeeman effect ,1^ i Tnis enect is much more 
zomphcited than oar enplanunon would suggest but, with the 
hyp of the q-c3n:«m tneory, it hos been more or less compietely 
elucidated ^Iosl: sctcrral lines do not split into oalj two mem- 
cers tut into a parcern composea partly of iine-iiav'es and 
par*i> of circle- raws, and the circle-waves control tha gjraricn 
In rhe case o^ the ttio sodium lines, there are two pairs for one 
and one pair fer the second 


more 

complex the atom the greater the number of its electrons WTien an 
electron is displaced from an inner to an outer orbit, radiant energy 
IS given olr When an electron jumps from an outer to an inner 
orbit energy is absorbed Only a certain vanety of orbits are 
possible for an electron f o revolve in, a certain quantum of energy 
is required to efrect each jump 

To have any effect on matter radiant energy must be absorbed 
There then takes place a change ot energy, e g , into electrical ef- 
fect, heat, fluorescence chemical action All radiations when ab- 
sorbeo by a perfect black body are transformed into heat A ther- 
mopile coated mth lamp black is used for raeasurrag m calories 
per sq cm per second, or in ergs pec sq cm per second, intensity 
01 raoiaat energ}* emitted by a source or received by a surface 
This is the hnai standard of measurement The body is composed 
of an infinite number of hnng cells " 




' ^ At 



r!Se^t.jVC! 


r j,. . , ! The Imng cell is the seat of 

i e iceo^ ci .be gyration Oi suhds and liquics is less complete an infimteiy mcricate plav of energy, contaimng millions upon mfl- 

. ITbT: ^^p^ars m just the same way as is that of lions of nolecdes We have to conceive of electrons being dis- 

placed by radiations in the atoms of these molecules, of moleculai 
change enhanced thereby, provoking reactions which manifest 
( tbemteives as signs of hie, of me spirit of man evolving out of 
such transformations of energy 

Radiations are classified by frequency of vibration and by wave 
length, they include ^first. the Hertajn waves used m radio with 
wave lengths extending to a rhousand metres or more; to these 
wyces the body is transparent; to be heard they must be trans- 
mitted, received and transformed by suitable electrical apparatus 
Tneri come the infra-red rays witn wave lengths from fioo.ooo to 
7 000 AU (Angstrom Unit = one len-millionti of a millimetre 1 
Absorbed largely by water and converted into heat, these rays are 
caught as they pass to or come off, the earth by the vapour- 
charged atmosphere Thus is tie earth kept warm to a temperate 
degree and life mads possible (See KAmwiot: ) 

Absorbed by the wet substance of the skin these rays heat par- 


rcfrcttlon , but It .s known to 
bear a ’ try simiiar relationship 
We can imagine tba: each vir- 
mal electron has an sppropnaie 
eS irc which determmes its re- 
sponse to the two types of circu- 
larV pokriaed bght If the ind- 
dent light has frequency far from 
any of the natural frequencies of 
the substance. ;i is found that 
iha gyration depends on tenn'- 
of ite form FAin. ;bjs 
meMs that for ordinary substances 
iv sacieases much more ramdly 

Aan does the refiacrive index, tuecini line of frastiency 

as the colour changes from rad ey the maanstn; field fntoyj-<B 

i4a^ic£,acaon, vae \aiues 0 : e w for its virtual eiecirons can be ^ -"-s v... , 1 .. . , . .. 

estimated, end they are usually a fraction 
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, , pofds and distributed by the blood circulating through the sbn 
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a pa-t 01 these rays peaecriies to the cutaneous blood es e 
rc ab orbea therein is changed n o heat r a cool drv sk ti heae 
ra s propose transudat on o wa er and give thus a more agree- 
ab.e sensaUon of heat. 

The transformation of eaer^- of vosible rays taking place in the 
blood may have important effects as yet unknorva. It is in this 
respect that sources of visible radiation have a sjpenonty over ui' 
ira-rcd rays as means of providing aruffcial heat , mfra-red rays 
from hot vater pipes heat rather the surface of the skm while vis- 
ible rays from sun. fire or lamp penetrate and heat the blood and 
tissues below the surface Red rays are not wholly absorbed by the 
blood m the skin and so penetrate deeper stiil By means of pow- 
erful incandescent lamps and red glass screens an agreeable and 
easily controlled method of appbmg heat to the body and 
provoking hyperaeirua is obtained 
In the case of the eye, the parts or the visible spectrum evoke 
different sensations of colour, via , red, orange, j'ellow, blue, violet, 
as the wave lengths shorten from 8 ooc to a,ooo A U. The living 
Substance of the retina has evolved so as to react differently to 
tie differenc groups of wave lengths The living cells of the skin 
and the blood in the skin also react differently to infra-red, visible 
and ukra-vioiet rays, but httie is yet known about this subject 
The U.V rays are shorter than violet ones, and they therefore. 
He beyond the violet of the spectrum and are invosible, but may 
be made visible by fiuorescent screens 
The homy layer of the skin fluoresces family, it can be made to 
fluoresce strongly by a coat of vaseline or solution of quinine 
Fluorescence is produced by electrons displaced from atoms by the 
rays jumping back into inner orbits A part of the energy of the 
rays is thus spent, fluorescence of the surface of the skin is then 
a means of protection against U V rays 
For study oi the U V. rays a quarts spectroscope is required, as 
glass absoros naost of these rays They are ciassuied by wave 
length as “near," 4,000 to 3 000 A U , and “far,” 3 000-2 000 A.U. 
The region about 3 100-2.900 A U is sometimes called the middle 
U y , or “Dorno region,” and has the most powerful sunburn action 
on the skm These middle U V rays are so completely absorbed by 
living substance that they have verj' httie power of penetration; 
thus, only some of rays, about 3.000 A.U , penetrates as far 
as the tapillanes beneath the epidermis 
The mam action of these rays is then, on the hving cells of the 
epidermis The OV rays shorter than 2,500 A 17 . are so com- 
pletely absorbed by the outer hornj' layer of the epidermis that 
they have very little action on the hving cells beneath; the very 
far U V, rays less than i 800 A.U do not penetrate air A powerfxil 
source of U V has a bluish white light and produces a pricking 
sensation in the conjunctiva of the eyes To prevent conjunc- 
tivitis the eyes must be protected by glasses from such sources 
The skin is in.censitivt to these rays oa exposure, hut after suffi- 
cient exposure and a latent period of a few hours there follow in- 
Sammatory reactions of the slda; these are pricking, flushing and 
sbgbt swelling followed later by peeling and brownmg The reac- 
tion is caused primarily by the rays displacing electrons in the 
atoms of certain substances in the hving cells, and so inducing 
molecular changes which after a latent period result in coagulation 
and death of the hving substance The dead cells desquamate and 
are replaced by new ones Products of the damaged cells, by ex- 
diing the nerve endings in tbe epidermis cause flushing ot the 
blood vessels of the skin and transudation of lymph and leuco- 
cytes These local reactions in the irradiated skin provoke sec- 
ondary reactions m the blood and body generally 
The effect df U.V rays on living cells can be studied under the 
microscope, e g , on mfusoria enclosed in a suitable quartz cham- 
ber. With the help of a quartz microscope and photography the 
effect of U.V rays on microbes has been studied Such a method 
iows up structures in living itucro-organisms previously unknown 
The remarkable discovery has been made that a substance, ergo- 
sterol, which is present in foods and in the skin, is activated by 
middle II V. rays and becomes vitamin D required for bone forma- 
tion. The want of this vitamin causes rickets and softening of the 
hones Rickets can be prevented by adequate exposure of the skin 
to the UV rays of the sun or arc lamps, or by taking enough 


armn D m t e foon 

Tins o„e fact bj itseii shows the immense importance of getting 
, rid of smoke pollution o: the air and having sun baths. Walls, 

‘ glass, smoke, fogs anp clothes cut off peepie from these beneficent 
; rays Irradiation of nckety children with U.V. rays increases the 
, percentage of morganic phosphorus and cakium in the blood, 
j which is m them abnormally low, W hile provoking the formation 
' of the brown pigment (mdanm) in the skin, the U V rays lessen 
, at the same t.me tbe percentage of the amino-acid tyrosiu in tbe 
, blood, tbe probable precursor of melaruo. The inflammatory reac- 
' tloc. set up by the U.V rays provokes an increase of the power of 
, the blood to destroj microbes ss tested tn vitro, 4 sign that these 
I rays may possibly increase resistance to infection It must be 
' borne za mind that an over -dose has the opposite effect 
j Right dosage with U V. rays Increases tbe sense of well-being 
, and alertness of mmd, and acts as a tonic in the vrinter months 
Much of the stimulating effect of a msit to the Alps can be imi- 
I rated by arc-hght baths, combined wnih car ndes and exercise m 
i the open air. The fact must not be lost sight of that exposure to 
cool open air is as important as exposure to light. Such exposure 
stimulates the heat production of the body and appetite and tones 
up the muscles; breathing cool open air provokes blood flow 
through, and secretion horn the respitaior.' membraaes; these 
are excellent effects Open air is clean compared with house air 
which is contaminated with dust mould and microbes, 

Proiection of the skm from U V rays is brought about mainly 
by fewemng and thickening of the horny layer of the epidermis 
The pigment which resuh? from sunburn chiefly protects the blood 
from over-heating by visible rays By absorbing of visible rays, 
nerve endings in the epidermis are exerted, and this provokes 
sweating which cools the skin by evaporation. The naked pig- 
mented races have a thin skm, and sweating readily in the sun, 
lose beat easily in the shade The pigmented skin of such races 
, can be inflamed by L.V rays So long as the skm is kept cool by 
I 3 flow of water, visible rays, even when concentrated by a lena 
j (burning glass ), have no sunonm effect on the skin 
I The U.V rays, on the other hand sunburn the cold skm Glacial 
burns are often very’ se’<ere It is possible to sensitize the skin to 
visible rays by injection of various dyes eosin, erytbrobia, and by 
3 derivative of haemoglobin vix , haematoporphyrin. The white 
I skin thus sensitized, reacts to msible rays as it does to U.V rays, 
j Black skins are rnimme Certain foods may have this sensitizing 

i effect Thus, only black pigs can be kept in tropical America, 
where the red mangold grows There are rare cases of unfortunate 
people sensitive to visible rays Exposed to light, their skin be- 
comes inflamed and necrosed They have to hve like night animals 
j In some of these, haematoporpbyTin is found la the urine 
! Ultra-violet rays have great power to kill microbes, but as their 
j penetrating power is very small, they only’ stenlize surfaces. In a 
I skin disease such as lupus, these rays effect cure, not by directly 
hffing the infecting tubercle bacilli, but by provoking aa inSam- 
j maron' reaction of the tissues which results in killmg of the 
microbes and repair of the damage Ultra-violet rays benefit the 
health of chicks and provoke egg-laying and fertility of fowls kept 
indoers under glass They also, ia suitable dosage, benefit growth 
of vegetables and fruits under ordinary glass, A particular kind 
of glass, called vitaglass, is transparent to the U V. rays of the sun, 
and this is used for skylights with advantage At the new monkey- 
house at the London Zoo the animals are given -warm shelves, in- 
candescent lamps, vitagiass skylights louvres always open in the 
roof, and free access to open air playgrounds through openings 
closed by hinged flaps Bathing pools are set in the playgrounds 
Food rich in vitamins, with plenty of fruit and raw vegetable, is 
provided. These are condit(o.ns which, if provided in crSches in 
cities, would raise an Ai population 
Light-baths are very useful for treatment of rickets and tubercu- 
losis, particularly tuberculosis of the skin (lupus), glands and 
joints' also many skin and eye diseases, and some forms of bald- 
ness They may benefit chronic infections, e g , chronic bronchitis 
and asthma. Combined -with visible and infra-red rays, or red 
rays, they may benefit forms of chronic rheumatism Used in -wiiv- 
ter months, light-baths act as a tome, and prevent n Lets and 
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n-aati^e poie, placed above, ;aa ne p’Orn carnon 
Ha.: cozen people can =.t ra j.id a bng h,^ne arc itjamg 2 ;cc 
'it ax; - at ti,o io>;t cittaace, a cose of f.ve ramu.es stimces. One 
pa i of me Dcdj car he bathed at a nine and vxo oaths a 'sesh 
axiec For intcr'se local trea'.nent rp, reqaared for lupu;. the 
Kro-nayer or ttx-'er-coslrc naercury oapour-lamp is most % aiuable. 
x-e dcse given neing five mirutes, vith me quartz ghtss of the 
'amp pressoc 03 ice skm — a dose samcient to produce strong reac- 
*133 OKC Jesq-jaxuatjon The cose is repeamd when the desquama- 
^xon hat pissed r.way anc me skm is again susceptible The mer- 
i.ar3' v„tjO,,xr lamp ot the short damed arc with metal poles can be 
run oc the ordinarj house circaxt and ailord etncienc sources By 
mean' of a frostea Vxtreosd screen ms poxvsrf jl mercury vapour 
amp can bs reduced 10 an intecait;; safe for domestic use 
With a screen 01 Chance s cirk glass which transmits almost 
onxy long U V rajs the nuorescer.ee 0: substances can be studied 
ji a aark r.aoT.. Tins is a most useful method of identification 
Thus, hair aaected with rxrg-*A'ora, can be identified 
The lar U V rajs nxer^e mte the sort X-rays The penetration 
oi the skin increases again with the shortening of wave length The 
X'ra\5 px'cduce infiammutari. reaction after a long latent period, 
? , two to three weeks Thev are used to check the growth of 
cancer cells and to prednee sterdity Acting on embrjoes deform.- 
fies m groveth an^. morsxers may be produced by their means 
Owxcg ’■0 the great peretration of the soft tissues by X-rays in 
comparjscn with bones photographs of fractures and disease of 
Lanes can be obtamed The shorter the X-ray the greater is the 
Cfnefration General mild doses of X-rays h2\e been used in 
treatment o: asthma and to prevent recurrence of cancer after 
temevai of the pnmary' grc\-ih 

^ X-rays are used for cure of skin diseases such as ring-worm 
Great Cxxre mu't be usea. for X-ray hums have a tendency to turn 


LIGHT BRIGADE. The bng 

ccmrTxand of Lord Cardigan wnmh 
a: BaiixXia on Octooer 25 iSj 
Txoe charge has been immort,.bzo 
The Charge Oi‘ ire Ixigxit 3 rig,.ac 
, which comprised ihe light brigade 
Hu'tars ana I7tn Lmiccrs 
LIGHT (THIN) CASTINC 
specxclized usve’opr.ent of tie iro* 
nets ore designta almos' erclusneU 
building trades, correstic p.irpose 
tectjral r^auir-naents. Its deve of 
kept pace with deveiopme'^t ir mj 
standard in both public and pnvatx 
is cast in thin section and to t 
high phosohorus c>3nten:, giving 
actual process is qu-te similar in p* 

' otner branch of founding, but it ha 
' a trade that the average iro.niounc 
' produce castings ot suefx fine sectio 
I Classification. — For purposes c 
. classified under the following mam 

1 Unfitted Goods, including si 
scil pipes ho: water pipes gutte 

I and water pipes and the tanot 
i therewnth electric and gas pillar 
stable fittings, manhole covers ar 

2 Fitted Goods, including sucl 
and steam cooking ranges, grate: 

3. Baths and Sanitary \Va*-e, 1: 

X HoIIo'Lt-'Mre including Lettk 
ace pans, etc 

5 Li^ht Structural and Ot nanu 
stairs, fire escape stairs, verandai 
shop fronts, etc 

The development of the industi 
branch of ironfounding may be sai 
of the 19th century, and it was wit 


irto cancer 


The gamma rajs of radium resemble very short 


t bsra 1 X-rays, snd have the same effect as these Tabes con- 
tmnmg radium etnanation are buned in cancers which cannot be 
remeved with me knife with the view of stopping growth In 
certain accessible sites this treatment mav be successful 
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SwkbienheilKuiide ikltiaicn, 10271 A G Guillaniae, JLes 
ph Attysmfejic ct ^Pcrspruiitrus fiozYl, \ 

Hffiusmaan, C^'u^-ddii^t d^r 1'ehfbtth^.s md Lickipatholovir (leVi)' 

!3«ppieii!eKt to Strakkf-t>!irc,pie, which those interested should consult 
mother with fEa^-knc), L Hill, Sumlam and 

Op'-rs Air F. H. Hutaohnes, Artificial Sunbgiu and its 

p-vapenoc C 'r<' M LucUescr, UUrc-violel Rjdiahon. 

and A A King Practical Ultra'Vto^et 
H Mever, Lthrbuck der Strokimtherapis 
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tiiris-FWiif. Rsdi^tcm^ aitd Acunalkerapy {Edinburgh, 1935) , C W 

aa 5 ^> Snidrwi and HediM {19231; J. Sarduan, Iki RSyons Vltra- 
f&eru.^uj%He (1913) , w J. Turratt, The Pnn- 
ctpki c/ SieciraHmn.py &nd ih^tr Praeikat Appheetwns (sgsa). 
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BY COL'HTtSY OF FOUNDRY PllNT AND HiCH VRBY 

TRACTOI sand SLIN5ER MACHINE RAM 
INGS 

This --iBohins raiiBs any size of box, at sp 
feat per minufa. Olber models cap be us 
ing to the floor of the moulding shop 


of Health under the .Act of 134S 
dunes devolved on local authoritie 
for light casting samtary products fc 
the awakening of public interest 
measure against disease, individua 
hygienic appliances also grew, anc 
for what were first deemed iusune 
ment :o become necessities, with 
The light castings industry set itse 
and a real app eoation of what 



LIGHT C'i.STINGS INDUSTRY 
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direction can best be gamed from a consideration of whar I'ghr 
castings articles are included in the structure of a modern dwell- 
ing house, and of the various functions which they perform 

Gutters, etc, — ^The outside requirements are gutters or rhones 
mm water pipes and soil pipes cast m 6ft. lengtns and varying 
"roai to 6m diameter The gutters, which are made to many 
patterns, intercept ram water from the roof and conduct it to an 
outlet hole to which is attached the rain water pipe which leads 
the water down the outside of the house to an earth drain at the 
foot and thence to the pubEc sew'age system The ordinary rain 
viater pipe and gutter are round and half round respectitely but 
tor buildings more pretentious m design, rectangular rain water 
pines and ornamental gutters are frequently required and supplied 
Ail waste matter from the house is taken away by an outside pipe 
of heavier make than the ram water pipe, known as a set! pipe, 
which connects the lavatory, bath and sinks with the earth drain 
and mam sewer. It projects up to ihe roof of the house the up- 
per part acting as a ventilating pipe 

As regards the inside structure of the house, light castings re- 
quirements comprise the bath range, interior grates for htmg 
rooms, mantel registers for bedrooms, lavatory cistern, and port- 
able wash boiler 

Baths. — ^.At first baths were merely painted inside Demand 
ior higher quality and better finish led to the introduction of 
what is known as the metallic enamelled bath, which was grained 
on the inside to give a marble effect ; but this type has been al- 
most entirely superseded by what is known as the porcelain 
enamelled bath, which may be either in green or white Baths are 
made either parallel or taper, generally with a square end and a 
scoop end, although in some patterns both ends are square. The 
popular sizes are 5 and S^ft long, of varying widths and depths 
Better quality baths are made with wide rolls or nms and lu 
some cases are cast or fitted with outside panels reaching to the 
floor. The normal bath type, however, stands on feet which are 
cast separately and bolted to snugs on the bath casting A mod- 
ern development to suit the small modern house where bathroom 
space is limited is the combined bath and basin, the basin being 
either cast in one piece with the bath or cast separately and fitted 
on at the square end The whole is fitted with swivel taps for 
hot and cold w'ater servmg bath and basm Better class baths are 
also, if required, fitted with canopies for douches, sprays, etc 
These canopies are generally of plate glass 

Ranges — Ranges are made in various types and fitted with 
one or more ovens which may he placed level with or to one side 
above the fireplace As a general rule ranges are fitted with a 
hot water boiler at the back of the fire. This boiler is supplied 
trom the cold w-ater cistern and feeds an intermediate tank which 
is connected directly to the bath, basin, and sink taps. A modern 
labour-saving device is to substitute for the range a combmauon 
aTicIe consisting of an ordinary sitting-room fireplace with an 
01 en attached The oven may he either at the side or on top, 
and m such cases the hot water boiler is placed at the back of and 
heated from the interior 

Interior Grates and Mantel Registers. — ^An interior grate 
is simply a framework with a botrom grate fitted into tiles which 
are cemented to bricks built m between the fireplace and the 
wall of the house It may be entirely open or fitted with a fixed 
or movable canopy of plain or ornamental design The cheaper 
types are fimshed in ordinary black, but interior grates are sup- 
phed in oxidized copper or silver, in armour bright which gives 
the interior a steel appearance, and in steel itself. 

The mantel register is a combined casting designed to supply 
both fireplace and mantelpiece. This may be supphed plain or 
with ornamental tiles set mto the sides 

In addition to the foregoing, which may be classified as struc- 
tural requirements, light castings foundries produce what may 
be term^ furnishings m the shape of kerbs or fenders for fire- 
places, kettles, pots and pans for cooking purposes, and smooth- 
mg or sad irons (ordinary, gas, and electric) The kerbs or fend- 
ers may. as in other cases, be finished in plain black or in some 
better quality finish 

There is also that branch of the industry which supplies the 


service requiremenis of municipaliiies and local auttonties in. 
connection with their gas, water, and sewage systems The re- 
quirements m such cases are pipes which are made in c and pit 
lengths with bores of varying diameters In the trade the water 
pipe is known as the underground pipe. The dram pipe is of high 
-ns.de finish and tested under high pressure Hot water pipes, 
which are usually made m gft lengths and varying diameters, 
are mainly used for the heaung oi greenhouses outbuildings, ana 
public buildings such as churches, halls etc 
Making the Patterns. — ^The first step in the process, which 
is common to all classes ot castings takes place in the drawing 
office where a drawing of the pattern is made This is passed to the 
pattern shop where the pattern is made in wood stucco, or an 
amalgam of tm and lead It is then passed to the moulding shop, 
where an iron or alummmm working pattern is cast 
Unfitted Goods. — ^Tbis categorj- consists mainly of pipes and 
gutters and their connections, They are made m boxes of two 
parts, top and bottom or in trade language top part or "‘cope 
and drag The pattern is placed on a board on the door and the 
bottom or drag pare of the box is placed over it The drag is 
rammed with damp sand, technically called ‘ greensand ' until 
It 13 absolutely firm It is then turned over and the top part ot 
the box IS placed on it. The top part is rammed firm, and holes 
or gates leading dowm to the pattern are made m the sand 
These holes or gates are for the runmng of the molten metal 
The top part is then lifted off, the pattern, drawm out, and the 
mould dusted and sleeked to make it absolutely smooth A core 
which consists of a cylinder of the requisite length of hard sand 
made m a core box round a metal bar which projects at both 
enas is inserted in the hollow left by the pattern The ends of 
the core when m place rest on two prints or bearings in the 
mould left by the pattern, The top part is put on and the box 
closed by hooking the two parts together The mculd is then 
ready to receive the metal In the case of the lighter pipes, kI g , 
rain water and soil, the gates are made on the top and the cast- 
ing is run horizontally, while in the case of the heavier pipes, 
e g , dram and underground, the pipes are made and cast on a 
slope technically known as ‘the bank” The gates are placed 
at the top end of the mould and the casting is run on the slant 
Still larger and heavier pipes are cast in a vertical position 
The metal is brought from the cupola m large bogies and is 
poured mto the mould by means of hand ladles through the gates 
Before the box is opened and before even the metal has cooled 
the gates are knocked off When the iron has cooled the top 
part IS lifted off and the pipe lifted out The pipes are then col- 
lected and taken to the dressing shop, w’here any fins or raw 
edges are taken oS them and they are brushed with steel brushes 
All pipes then go before a man known as the passer for accep- 
tance or rejection, and if passed, are taken to be painted or 
coated with a tar preparation before despatch 
Fitted Goods. — ^The moulding process for fitted goods is m 
prmciple exactly similar to tliat for unfitted goods except that 
m the case of a perfectly flat casting a core is not required 
From the moulding shop these castings are sent, like the 
others to the dressing shop, where the rough edges are taken 
off Thence after inspection they pass to the grinding mill where 
they are ground and bufied to give the necessary polished sur- 
faces They are then taken first to the fitting shop, where the> 
are given a preliminary fitting and slight inequalities are rem- 
edied, and secondly to the finishing shop, where the individual 
parts are blacked, oxidized, or nickel plated, according to require- 
ments Thereafter they are returned to the fitting shop for final 
assembly The article is then ready for the showroom or for 
despatch 

Mths and Sanitary Ware — After a moulding process similar 
to that previously described, the bath is annealed or burned, t e , 
heated in a furnace known as a muffle The purpose of anneahng 
is to soften Ihe metal and in particular to remove or drive out 
all of the various gases which may remain imprisoned m 
it The ba^h is then dressed, sand blasted, and coated to give 
a suitable ground to which the enamel can adhere It next pass- 
es to the shop ■wfacTE t is sgam put mto the miiffie 
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tc Dr. :ir.,i .tc ouslae 
TaT’bij.,ie i..r for d^;.- 

:'t.c jf-i p.:ira:id \^h.-s 
rv. i.' ^ _ p’l c.-" ;-jr to ;k„' *l) i/ikc, iii ".d 

TK- fjr^u,:.r‘ tr-> rt^^td yak hi- b’'V- 

r^‘; '-p.-.'cr- r> trfc e..r.acraare iin^ 

. :d £ Ji' i'.'.-v .r^ ir.i ^-raaa’erk.'iJ 

v:et' ;:;iri iri^T tr., ulcha? fa iw.s :hi; iind< de- 
;; a..~e''y dr^'^-as •.h.a'rc ur eajr'taaig, .a ihe 
:d p .' £ad .a £h2 case of ipas! =tajri ve-a.adafcs. 
Id C2C t.lZ.7^Z. 


e r d 1 er Rc-.ors^^^n In 1654 he hecari e 

• .Le-.fe-ncti.or u: tie uai^erarj. fis ^\rot'? ^'anous -earned txt 
get-f-a. ^orks His kier years -Rere demoted to helping Erlaa 
IVaP-aa itiid Cfie t’oij^'Ot Bible (1657) and to the preparation ot 
' hi= OBT. ce«r sr-or.a ^ort, fforae Sebncac et Talnnidicai (5 
^cJs . i65S-74i He died at Ely oa Dec 6 1675. 

Se: -is T, Isk VdorPs, m 15 v uh edited, ■p-atn a life, hy R Pitman 
y-.r-.ij and D M Welic*!, Ji,}ih Ltgkttcat, the Eebtmst iLemzi? 
1S7S ' 

^ LIGHTFOOT, JOSEPH BARBER fiSaS-jSSp), English 

tfeeoiogjaa and bishop of Durham, tvas born at Liverpool on April 
It, iseS He ■‘tJs educated at King Edward's school. Biriring- 
ham and Tnnuy toliege Cambridge He graduated sertj or classic 
and yotii v rangier, and o’: elected x fellow of iiiS college From 
-S54. to 1S59 edited the Jc'muil of Classical avi Sacred Phtl- 
^osy. He became tutor of his college (rS;;), Hulsean professor 


- ^ 1 .U 1 .U 2 fjl iU 3 ^ /i AAUiijWiJ. JJl-U ICh^Ur 

I chaplain to ihe prmce consort and honorary chaplain to 

ouIdiDg process ^ the queen Vihiiebail preacher (1S66) and canon of St Paul’s 
norkiag with a loose pat- , f'mf la 13^5 he became Latly Margaret professor of divin- 
:nc i-ze .and rxture 01 the ; irj. jn succession to Wilbam Selwym He had previously WTicten his 
nhdc IS knows as a cummenmries on the epistles to the Galatians (t 36 j), Philippians 
cast-iros out. they ■ <: 3 cs/ and Colossicns (18751, -which mark a new departure in 


cn 
:3 c: 


-^07 tr:r-;5 etc w 

Plate Moulding — -A ce- m the 

’s :l- -iS ji pLiu cu-tsrns Liitwc u 
ten -rc r..o cr mc-e aniH.s tmere 
cc-itmg IrSQ isem"A''es to it are pi 

At nrst t.ies^ piatti iVc.T'- mt _ ^ _ ___ ^ 

S-vc since iteeu p„ue ^ here pcs^hle or a'linuniutu so es lO Xetv ’lesfaraent enegesis in. Engiatid Lightfoot was a great gram- 
ueinen c.ic hcudlir'g of :.ie job There is oove'-cc no diUer- marian and teirtual critic; he endeavoured to make ms author 
eicfc ir the attusi mould ng proce-^s and successive urocesses ■ interpret himself, and by considering the general drift of his argu- 
louaw jis bet ore Ocscribeu according id tne na’cre of the article ; men: to discover his meaning where it appeared doubtful. Thus he 
Jdacniifle MouIuiag-.—For a consi'^cratjle time maca-nes hare | vras able ottes 10 recover the meaning of a passage which had lo:ig 
ecn cic.fiCveci to^ssbist m tne ramming of the moulds but for- ' been buried under a heap of contradictorj' glosses, and he founded 
r, ere there v/cre caiejiy used fgr irtiaber vla.sse'= of woru if ,5', con- | a school in which sobriety and conimon sense w'ere added to the 
nec'ions and certain ivpev of dat erstmgs The;, are var.ously rndustiy- and mgenuty of former commentators In 1879 Light- 
optra-ec by electricity hr* ccmprcssen air by hydraulic power, , foot was consecrated bishop of Durham. He continued to work 
uT by cand In nii uses the mouiCng bos has to be filled hy • on fcjs editions of the Apostohe Fathers, and m iSSj published 
hind, the mach-ue doing ornj the raranimg Since the "W or\u ^ an edition or the Epistles of Ignatius and Polyrarp, collecting also 
\\ ir .-wr.evcT, ti.ere has teen put on :hs market a macDce called ; much voluaDle material for a second ednion of Clement of Rome 
'he S-nd_tlinger whicr. is temg operated in foundries tlirotishout [ -wLch w’as pubilshed after his death ( 1 st ed , iSdg'i. His de- 
_he veriu This r.acmr.e not^onh fihs the hoxet with sand bat fence of the authenticity of the Epistles of Ignauus is an ira- 
in ihfc act of eoirig so rams it nard It is made to dittc-tenc de- 1 portant contribution to that very diflicuit controversy He died 
ffigns >or Auerent purposes and can ran practically any size of i at Bournemouth on Dec 21, 1889, and w'as succeeded in the 
oo'E at speeds varjing fro.m nve to ten cubic feet of sand per j episcopate by ((estcott his schooIfeEow and lifelong friend who 
jr-jn-te The type most cotamomj" in use in hgjt caspngs shops 1 pubh'-hed a sketch of his ii/e (tSoa) 

mchmr. Till, takes the sa.nd from the | LIGHTHOUSES. Under the general heading of Lighthouses 
noo*. nddms it and passes it on fay means 0: a moving belt to the this article includes, m addition to a description of mme ligk- 

fhe'^ralriii^'h^^^s* n ^ V 3 ^® irobloing box house structures and apparatus some reference to Unattended 

™ a swivKhng arm lights, Light-vessels Lighted buoys, Aerial lighthouses and Acous- 

J, ^ r- ' Signals (See the following seebon. Ltgki- 

I ^>®ilar mformation concerning 

141 which case it is Puiied to the door of the tnon.ctmg shop. It America ) ^ 


is also supplied in ponauie form so that it can oe moved to any }ob 
ui anj’ part of the moulding shop. In :hs case of the stationary 
and poriabte rpes me sine Sas ;o be ten to the machine Another 
type IS the hlctive tvpe to -which is attached a large tank -with a 
^and carrj-mg rapacity uf irom eight to ten tons This can con- 
veniently be fihed bv means of an overhead convejmr. 


A lighthouse is a structure erected to carrv' 3 light for the 
purpose of warning or gmdance in connection with marme and 
j aenal navigation 

i Early History.— -The earliest lighthouses, of which records 
I e-rist. were the towers built by the Libyans and Cushites in Lower 
1 EgypL beacon fires being maintained i.n some of them by the 


i- vu. ^ Ulcjb mamiaineo m some or titem by ihe 

ihe r„-imnng of Ac aorx^ in the moulamg snop *5 one of priests Lesches a Greek poe' (c 660 b c ) mentions a li^htLuse 
At heaviest and most tming mbs m ine toundry it would appear at Sigeum (now Cape IncLsari; m the Troad which aooears to 

v ww of mciSe ' bimger or some | mamers The lamous Pharos of Alexandria, built by Sostratus 

T trw^-o 1 - 4 , (J - Ot Cnidus ui the reign of Ptolemy II (283-247 B.c) was regarded 

loading or unloading f as one of the -wonders of the world A full account of it is civ^n 

employed on them | The tower, which took its name from that of Small island on 
are te^ aghmnnen t 5 ee B.«ges ...vd Cx-v«. Cba^t.) .Hso | which it was built, is stated to have Si 600 ft 1 St to 
a ^smau meebaRum, used instead of matches, in which a smaB : e-vidence m support of this is doubtful It was destroved bv m 
IS tuiriea against a piece or ferro-reriutn thiowina ofi earthquake in ifae r-ih. centiirv- bni “fs^oyed by an 

sparks which igaiie petrol fed through a cotton wicL SHs ite as / t 

por.er of tns prh^ent,^ ana an ongiaaf member of the West- Roman lighthouses were those at Ravenm' 

Hester A^m&Iy (sec> his duiirBijf 0/ the Rrosfsdmgif voL miJ. [ Tae acne^i- Pharos ac Dover and that at’?!/) 'c f ^ fessina 

r ^ Catherine hdl, > as ia Tour d'O^dra wifbmk S^t£ 

Cmbndse. r«.« 4i iUci ltad4«, H«l4, i„ | tie «rh4tt fi.l.W S ^ 



LIGHTHOUSFS 


provements :a detail have 'tiicn Seen mace 
n a rock in ths sea ar the moaia ot the ' esposare the loliotsing prinaples m des^n 
ezampie now existing of a wave-sw^t (&) The centre of gravity of rhe toiler strcc 
on the same rock are supposed to have 1 as potS'fcie. (b i The mass of tie sinictnre 
us le Debotmaire fc 005) and the , borizontal section roust be sufficient 10 pm 


ck Prince The esibtmg structure vias ^ 
eign of Henry TL of France and com- 
er part of the beautiful Renaissance j 
ards the end of the iSth ceiitur>. and 

replaced by a loftier cyiindncal 

’] structure rising to a height of 207 
j ft above the rock (fig if Uutii , 

I the iSth century the light was i 
y I exhibited by means of an oak-log 
fire, and subsequently a coal fire 
I was in use for many years The 
1 anaent tower at Corunna known ' 

I as the Pillar of Heicu!es> js sup- I 
I posed to have been a Roman ' 
g Pharos The Torre del Capo at j 
£ Genoa ongmally stood on the ^ 
“ promontory of San Berrique. It ' 
was built in 1139 and hrst used ; 
as a lighthouse m 1320 It was ^ 
rebuilt on its present site in 1643 
and rises 233 ft abo' e ths ditf 
, The Pharos of llelona v^as con- 
l , structed by the Pisans in 1154 
|| and was seieral times rebuilt 
until it was finally destroyed in 
1290 On the abandonment of 
ou‘5E, ^leloria by ihe Pisans they j 
.WEPT erected the stih erisfing tower '■ 
at Leghorn, in 1304. which has 
14 ard p-eii borne the brunt of time. 

In the 17th and i8th cen- 
turies numerous towers on which 
ates containing wood or coal fires, were 
tions on the coasts of Europe Among 
1 Kingdom were Tjncmouth (c 1608) 1 
3 t Agnes (168a), St. Bees (1718 1 and 
West lighthouse m the United States is 
light situated on Little Brewster island 
am entrance to Boston Harbour, Mass ] 
the present structure dating from 1859 i 
I the New England coast were those at | 
ance to Newport Harbour (1740'), and i 
0 Nantucket Harbour (1730.). A watch- | 

0 have been erected on Beacon or Light- 

1 Point Ahetton Hill near Boston prior ' 
ures would seem to have been in the ' 
I in iime of war rather than fight 'houses 
;rs. 

otrsE STRtrcTiJRSS : 

louses may be divided into two classes, 
s or in other situations exposed to the 
b) the more numerous class of bad . 



—In detemuniag the design of a light - 1 
m a wave-swept position coasMeration ’ 
ysical features of the site and its sur - , 
35 description are classified as follows, j 
te structures, (a) Openwork steel and 
pile or other foundations.' (3) Cast- j 
ructures erected on caisson foundatjons. 
ire generally preferred for erection on ! 
ig good foundation and have also been. ‘ 
luons where adequate foundations have 
iissons into s soft sea bed Smeaton’s 
ock is the model upon which most latex 1 
rs have been based although many im- ! 


I 

i 

' fIg 2 —the four LISHTHOUSES OiTthe 
The towers are crawn to ihe sairie Ths fii’st ' 
great storm of 1703, ami the uresse-jt wss Jon 

by the combined forces of wind and wave® 
the adbe&icn at horisoatal joint-faces or 
stones introduced as an additional safeguc 
should be aicuUr m plan throughout, t! 
least resistance to wave stroke and wind 
tion. (d"t The lower pornon of the towei 
horizontal stroke of the vvave= should, f 
structed with a vert 'cal face The upper p 
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Cur.;c. xii verti- 
“.i; :ic- Las-er except 


j'j Dtr.rc ''-CCIt ' tr izti .tclCCt trCT SSa-j5’ Ci 

'e t:? t --; Cl .*;v y, ifr ::h,' ts E:-tLC,erit ‘o avo'd ths ct'scura- 
'r 'ji ' :t ,1' c >' tt-r tr yr-.t spriy drying c'-ar me 

"• wH; f T:l- c. " m'.ver saomd he mrr.ed ’.tciI 

t’ : in \'“a ~rik y ' : ^■'i- ’ tr .t ' j i The ir a.c-r.iu' ot " h’ch 
-p t " t: := vi't li or hr^h dens^Ly c-ry ci resistant 

t Jyi ; t.?te in ttie (.0'"=''rj(.tJCR r,: :hs tav.cr at 

^•“v Ti . ' t -at ct‘-L- ’ice sLnuId he noae-tjiled or jop^ied 
0 ■* . iP f):!er y p’'t.crt *heir mng dislodged bv me 
ti zy.~z the preres? j: crn-muc’ ‘On ^r,i to afford additioitat 
It,'. Ol y.'-s tsars mnea: c.jncrete has been used to a con- 
cernc.r eirent fo* ntaTitirte strut* ares, nc-uciing iigbtbojses 
-her t-are or freed v.nh trascurj’ Remforced concrete aas 
I e r^en trrpiaved 

; 2Tcr.;- exactples of cpecv.cirk steel and iron Lghmonses 

' ■'ome crpica* esampie^ are cssrnbed hereafter This form 
Cfcigr. IS Su-tahle far E.tatiiDns .vhere tbe tetter has to be 
c^Txed cn a io'oncaticr. ci Tor ci steel piRs dr-fec or scretved 
i-i-c aa trsecure or sandj bottom, e : , on shoals coral reefs and 
orriiS or m p-aces tthsre ether materials cf construction are 
etcept’anally costA anc Vifcere faciiity cf erection is a coaiideraola 


occasions untsi in 1S7', ov.mg partly to tbe u 
reck on cvlucti tne tower V...3 bunt and tbe in 
the sinrctare tbe Corporaticn of Trinity House 
ertcticn of a neti lighthouse in place of it 
Eddy^i>^?:e u -V Dr :gic;s’ To'yer ) — ^Tbe s 
ner.' Edd] scone tov.er \tg 2d) is lao ft SS 
tigj'JiOaSc where a smtaole foundation was 
considerable section of the loiter courses haa tc 
^eiel of b'l* water Tne base ;s vertical 44 ft 


all the stones am dove-tailed both horizonUlly 
a*l joiit faces those of the foundation course 
the rock by Muntz metal oolts The lanter 
hebcally-frarred structure with domed roof g 
ana cast-iron pedestal The optical apparatus 
consists of two superimposed tiers of refra 
The burners ongmaliy fitted in Eddystone tov 
pattern but these were replaced m 1904 oy 
vapour burners At the time of the completior 
two bells, weighing 2 tons each and struck by 
were installed for fog-sigr.ailing purposes, the 
reolaced bv an explosive gun-cotton fog signal 
parmg the foundatioa was begun on July 17, i 
was first exhibited on May i 3 1SS2 ^ The 
Smeaton's tow'er was removed on complerion 
house and re-erected on Plymouth Hoe, where 


advantast , house and re-erected on Plymouth Hoe, where 

'3 I Cast-iron plated towers have been erected in many sitaa- j Tnruty House sea mark One of the prmcip 
*wn3 where the cost of stone or scarcity of labour would have | design of the new* Eddystone hghthoase tower 1 
made tbe bmidng of a masonry tower ercessv.fly expensive ] base Heavy seas are immediately broken up 
'4 Cjiinder or caisson founcctioas have been used for light- ! spray alone rising to the height of the lantern ^ 


aoase towers m nimerous cases where such structures have been , to wh'ch tbe gallery cornice of the old tower w 


In the Beb Rock lighthouse 
Bell Rock — The Bell Rock tower (fig 3a) 
oft the coast of Forfarshire stands on an exj 


e e.tec an^sand banks or shoals A remarkable instance is the j great that stones were sometimes lifted from t 
Ruvhersand tower Two uttenints have been made to sink a cats- 1 cessor presents another point of dissimdant' 
sj" m the outer Diamond Shoal eft Cape Hatteras on the Atlantic I structure, in chat the stones forming the floor 
coast os the Lnitcd States, b-i these- endeavours have prov-ed 1 corbels bmlt into the wall instead of stone ar 
to be utile which, in the earner tower, was taken by the 

Famous Wave-swept Towers. — The following are brief de- ‘ by* building in chains in the form of hoops T 
•c-aptions of some of the more important wave-swept towers in stractmg coroellcd stone floors was first adopte 
vanous parts of the world In the Beb Rock lighthouse 

Eddystone (jlmstaniefs J'otx.cr; Tbe Eddystone rocks, Defl —The Bell Rock tower (fig 3a) 
which lie about 14 m oti Plymouth are fully exposed to south- ' oft the coast of Forfarshire stands on an exj 

uestera seas Four towers 'aavs been constructed on the reef ' ^ — 

tvoicn is Submerged at high-water spnng tides The first hght- 
hc-vSe thg aai was polygonal in plan and highly ornamented 

vim gaiieries and projeatbr.s which ofered consideraole obstruc- §OT foc*l put 

* 30 n to the sea stroke. Tbe work was begun by Henry Wmstanlev, g 

a geabernaii of Essex, in 1695 and finished m 169S. In the foi- , j"" g - 

year in ccnsequencs cf damage by storms, the tower was ! j ~ i 

inc-eused in diameter fioin 16 ft to 24 ft by the addition of an 1 

oa*er png of masonry and made solid to a height of 20 ft above . [j f™! » 

*be r«xk the tower being raised from 3 o fu to nearly 120 ft. This ' Fj o 

Aork was completed in 1700 The lower part of the structure ! I | ^ S™fl 

apoears to have been o? stone tbe upper part and lantern of ' 7 ]»~fi 

(’Fiber, Durinsr the great storm of Mov* 20, 1703, ibe tower was I g £ I JgGSl 

^wept away, those m it at the time including the builder, bemg j | 


Ediysto-ie (RadyersTj Tovser) — This lighthouse was begun in 1 
1706 aiKl compEeted m :7C9 I see fig cb; The structure consisted 


pindpally of cak tnnbera secure.-, bolted and clamped together < 
the iower part b«mg filled in solid with stone to add weight to the 
building The s-ripin.ity of the design and the absence of pro- 
’ccritws frtur. the outer free rendered the tower very suitable to 
wiv astand the onsLuight of the w.iv es, but the lighthouse was 
destroyed by lire m 1755 

Bddyssom (Smatim's rotruTj.— This famous work, which con- 
soled of stoaie, was b^un m 1756 tbe iieht lyxirir first ' 


FfG 3 SECTIONS OF ROCK LIGHTHOUSES DRAWI 

a, Beil Rock c^f the east coast of Scotland; b, Woi 
Cornwall; c, Ar'man, off ine coast of Finistere 


siufuted in 1759 (%e.e Se cc) John Smeatoa was the first en- 


iow water and submerged to a depth of about i 
cf spring tides. The rock is of hard sandston 
was constructed by R Stevenson in 1807—11 
Skerryvoi-f — Tbe Skerrjw'ore Rocks, 12 m 
Tyree in Argv’Ilshtre, are wholly open to the Ai 


meer to ua? dove f.r i- ITL 1 rvigvmsaire, are wnouy open to the At 

SJI T ^ tgbthouse , 15a ft in height and designed by Alan Stever 

stG.x£s, which ..vcraged i ton in weight, were 1S3S and finished in 1S44 
fastsms to each other oy means of dov*e-tailed vertical ioint Sr'o/toA tv r i.tv 

£«».. 0* tar «dss a»i by oxt wdgxd top^K! S | iT J 

A D™, U. ,»!, c»mo ,ta c™. ^ 


S DEPARTMENT OF COMMEECE^ {7) tHE A 5 A COMPAHT, LTD 


D LIGHTHOUSES OFF THE COASTS OF ENGLAND, FRANCE AND AH 

mg shoal in the North Sea, about 50 south-east of Boston, a granite tower, built in an ea 
This iight vessel is eouipped with Atlantic 7 Aerial Lighthouse, CranbrooL, Kent o1 

nstant-level table The illuminanl is England Glazing of lantern is extended over the ■ 

The vessel has a diapbone fog signal optical apparatus to direct beams of light from 

Northeast End Lightship, stationed zenith S Kilauea Point Lighthouse, Hawaii, a rein 

a modern vessel with Diesel engine 52 ft high, standing on 3 cliff Tie lens, enclosed ir 
electric, on foremast, with reserve double panels, and shows a double flashing light of 

ihthouse^ Hurst, one of two leading every 10 seconds. 9, Martin Reef Light Station on 

Solent, Opposite the Isle of Wight part of Lake Huron It stands in 6 feet of water 

1 automatic aoeiyfene plant (building to heavy ice aotion The light is electric, 70 feet 

tat on, off i^be O'^ogon ooaiij a Pac^go fteaf L'gh^ stand'ng n 7 feai of weior o 

133 art abo • tbr un 5 e V m-gr oml rati off lha F o da ooart t i lupportml tr 

je comp etrd Tow* ■ 247 ft- fea nt he or* esf i an u a nod d rta o 

L Th* o d gh 0 th* oca y ewe ghrt 

oti adga gh hous* abou 34 




LIGHTHOLbES 


t*KTEBN 

AN& 

Optical apparatus 


Entrance Room- 


a more exposed situation than any other in the world The first , i 
lighthouse erected there was begun m 1S47 under the direction of , < 
Douglass The tower consisted of a cast and wrought-iron | j 
openwork structure having the columns deeplv sunk into the rock ; 
On Feb 5, 1850, when the tower was ready to receive the Ian- ' ' 
tern, a heavy storm swept away the whole structure In 1851 I : 
the erection of a gramte tow'er was begun and the light was first ! ' 
exhibited in 135S. This structure also proved msufficient to with- | i 

stand the very heavy seas to r- — 1 

which it was exposed Soon after |i' 

its completion the 5-cwt fog beE, EaptaaverossisMALl^ ^ 1 

fixed to the lantern gallery 100 i 

tt above high-water mark, was I ■ 

washed away and the tower optical appasatus \ . 

\ibrated considerably during 1 ‘ 

storms. In 1S74 it was strength- service bo™, I 

ened by bolting continuous iron s^^se rmm I ; 

ues to the internal surfaces of i I 

the walls In 18S1 further signs MM j ! 

of damage appeared and the ovips room j ; 

druciure was encased from its oil room | j 

base upwards with granite blocks S 

do\e-tailed to each other and to ' . 

the existing wmrk. At the same store »»<* 

lime the elevation of the light Entrance Room— | j | 

was increased The work was be- ffifM j 

gun m 1SS3 and completed in 

1SS7 Profiting by the experience | 

gamed after the construction of 
the new Eddystone tower Sir J 
\ Douglass decided to build ihe 
lower portion of the improved “ 

Bishop Rock tower m the form y_st, 
of a cylinder, but with consid- °* 
etablv increased elevation (,^8 

ledre (Plate I ). The 4-aisHOP rock light- 

tower, 89 ft in height is built Yfnj ^ second sranite lower The 
of granite upon a reef otf Boston nrst gramle tower was encased and 
Harbour, Mass , and occupied '■a'®®'* height in 18S3-S7 
five years in construction, being completed m i860 The rock just 
bares at low water The stones are dovetailed vertically, but not 
on their horizontal beds, bonding bolts being substituted for the 
honzontal dovetailed joints in the lower 40 ft , or sohd portion of 
the tower. 

Wolf Rock — This much-exposed rock lies midway between the 
Scilly isles and the Lizard point, and is submerged to the depth 
of about 6 ft at high water The tower was erected m 1863-9 
(fig 3b) The lower part of the base has projecting steps or 
scarcements in order to break up the sea^ 

D/iii Beartack Rock --Th& Dhu Heartach Rock, 35 ft above 
high water, is 14 m south-west of the island of Mull The tower 
occupied six years in erection, and was completed in 1872 The 
focal plane is at a level of 145 ft. above high-water 
Ar’inen — The masonry tower, erected by the French Light- 
house Service, on the Ar’ruen rock oil the western extremity^ of 
the lie de Sein, Fimstere, occupied fifteen years in construction 
(1867-81) The rock is barely uncovered at low water and^of 
small area, which made it impossible to construct a tower having 
a base diameter greater than 30 ft (,^8 3^) 

St George’s Reef, Calif orma — ^This structure, completed in 
1S91, consists of a square pyramidal steme tower nsing from the 
easterly end of an oval masonry pier, built on a rock to a height j 
of 60 ft, above the water The focal plane is at an elevation of 1 


, portion of the reef with its foundation laid near high water, was 
, commenced and completed in 1904 (Plate II ). The focal plane 
I IS at a level of 158 ft above high-water mark. 

; Maphfi — The screw’-piie lighthouse erected on the ^faphn 
' Sand m the estuary of the Thames in 1S5S is the earliest of its 
I kind and served as a model for numerous similar structures in 
! various parts of the world The piles, nine in number, are of 
, sohd wrought-iron with screws j. ft in diameter 
j American Shod, Florida — This tower is typical of the open 
1 work pile structures cn the Florida reefs, and was completed m 
I 1S80 The focal plane is 109 ft above high water 
‘ Wolf Trap — This LghEhouse was erectea during the years 1893- 

r 94 on Wolf Trap Spit m Chesapeake bay, near the site of an old 
I openwork structure which w’as swept away by ice early m 1893 
] The tower is built upon a cast-iron caisson 30 ft in diameter sunk 
1 18 ft into the sandy bottom. The depth of water on the shoal is 
; 16 ft at low water The caisson was filled with concrete, and is 
I surmounted by a bnck superstructure 52 ft in height from low 
; water to the focal plane of the light A somewhat similar struc 
> ture w'as erected in 13S5-S7 on the Fourteen-Foot Bank m. Dela- 
j ware Bay The foundation in this case was however, shifting 
I sand, and tie caisson was carried to a greater depth 
1 Rotkersand — This hghthouse, off the entrance to the river 

Weser, m Germany is a structure of great interest on account 
I of the difficulties met with in its construction. The tower had to 
j be founded on a bottom of shifting sand 20 ft below’ Low water 
and in an exposed situation Work was cegun m May iSSi, when 
I attempts were made to sink an iron caisson under pneumatic pres- 
1 sure Owing to the tact that scour removed the sand from one 


Fig 4 —BISHOP ROCK LIGHT- 
HOUSE, SCILLY ISLANOS 
This IS tha second granite lower The 
first granite tower was encased and 
raised in height in 1883— S7 


side of the caisson it tilted to an alarming angle, but eventually 
it was sunk to a depth of 70 ft. below low’-water. In October of 
the same year the whole structure collapsed Another attempt 
made in May 1SS3, to sink a caisson of bi-convex shape, in plan 
47 ft long, 37 ft wide and 62 ft, in height, met with success, and 

, after many difficulties the struc- 

1 ture was sunk to a depth of 73 ft 

I A below low-w’ater, the sides bemg 

T raised by the addition of iron 

plating as the caisson sank The 
i sand was removed from the inte- 

nor by suction Around the cais 
Livinc ROC* foundation were placed 74,- 

gi yr kikrer 000 cuyd of mattress-work and 

stones, the interior being filled 
with concrete. The hghthouse 
fi Eutrancc Rotw (fig 3) was completed in 1SS5 


vow Water Datum 


- MATTRIS5 WomC 
^ AND STOKE RUBDLE 


, Other well’kaowa wave-s\iept 

hish SKMN5 TioE towcTS acB those at HaulbowTite 
Rock (Carlingford Lough Ire- 
^3'Od, 1S23), Heaux de Brehac 
(Brittany, 1S39); Horsburgh 

SawstoS suSLe Olonne (Bay of Biscay, 1S61), 

^ Smalls (Pembrokeshire, i36i), 

cABsoB Hanois (Alderney, 1862), Dae- 

o^/.nLUO WITH COHCTETE , , r . a -G i 

dams reef, iron tower (Red sea, 

I WwnaM fw heb SAMP 1863), Alguada. reef (Bay 

of Bengal, 1865) , Longships 

^ (Land’s End, 18721 , Great 

Fig. 5 — rothersand licbthouse, Basses (Ceylon, 1S73 J , the Prongs 
NEAR THE MOUTH OF THE WESER (Bombay, 1S74), Spectacle reef 
ESTUARY GERMANY ^^ake Huron. 1874I. Chicken 

rock (Isle of Man, iS74)7FoweyRocks (Florida, 1878), Rattray 
Head (Aberdeenshire, 1895); Beachy Head (Eastbourne, 1902) 


Fig. 5 — rothersand licbthouse, 

NEAR THE MOUTH OF THE WESER 
ESTUARY GERMANY 


146ft above high water The sAe is one of great exposure the Graves (Boston, USA, 1905); and Jument d’Ouessant 

Pastnet — ^The first lighthouse on the Fastnet rock, off the (Brittany, igii)- 


south-west coast of Ireland, was a circular cast-iron tower 86 Jointing of Stones in Rock Towers. — ^Various methods of 


ft in hei^t completed in 1854 It was elected op the sumnut of Jointing the stones in rock towers are employed m building The 
the rock which in 1895 was found to be considerably undermined, great distinction between the towers built by successive engineers 
In 1899 ^ gramte structure of increased height and founded upon the Trinity House, and other rock lighthouses is that, in the 
a sound le<^ of rpek on one side of the higlBr but unde rmine d former the stones of each course are dove-taaled together both 
PriK Ttiri C£. VoL XXX. lateraDy and vertically and are not ed by mrtal or 
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e 'j 6r cd DUi-diiigs on 

diO-dkie? of cQp^iru^UGn; such builcUiig 
, j.nV::ecturaL 'h^i.^cter Bei.c&s bemg b 
; rsiuioTCiC concrete, land to'W'ers me f e 
c&st-iroTi plates cf open sreel-rcork with a 
exar:pes of the former are to be found a 
end tlsoTvtere, tnrt on Dassen Island ( 
be-ng ivp.caJ A cast-iron tav;et erected a( 
ir HuCnd. m iS:s is zg: it m haigtit to 
jp,.'n'-ork sirjcture'; up to jco ft m r 
Eidirpics are the toners cracted c.t Cap 
m iS 5 i 14S fu to the focal plane Mo< 
lEc £i , and Sanganeb Keef (Red sea) rg 

i OPTICAL APPARAl 

5 Op-.icjl apparatus m manne bgbthouae 
, cestrsnu? tse riys of light derived froir 
' the ^erLIcai p'sne only to sbov? a fixed bi 
• fccrizon VFhicb can be made either fic 
I eclipsing the light or by interposing i 
j (2) in both the vertical and homontal p 
' produce a high-pcrrered beam or cone 
I rer oived, to show a dashing light or fix 
I a«ager or narroev chacnel where a iir 
'and {3) in the verticaJ plane and after’ 
plane for diverting or condensing a port 
light to strengthen a sector 
Three types of apparatus are used to effi 
(a) Catoptric ia ■w'hich the rays uhderg’ 
surface of a mirror; (bl Diopmo in wbic 
a glass medium and are bent or refrat 
emerge from it (fig 3 ) ; and (c) Caladu 
after entering tie glass medium suffer tot 


A, 3 i« f's'i'issf, Is: CuuMe B Beil Snek P'tur C. 12 tt Cuu^e. 

0 Eddysijes, 12tn Cwrsa, Smeston’j To-jtfr E C(-ic(cfn» 5lh Count. 
gedysione, 4Slr Co-rse, CCk,oissa To^^er 

'cniet: between the faces oo b’clce the dove-taiis that the stones 
’■dUDOt be se72tati.d without being b-oken 

T/ib£E I Compar,i>’ic Cost it Erp''sr'f Rock Tavot-fs 


MtAfS 


CAT*tD+0»»T>rfr 

'fffFUCTOITSJ 


Xamc or st-uct..rc 

, Total • 

' cost . 

J 

Cuft ' 

Cost pet ] ; 
n: ft of I j 
masonry j 1 


; t 


i 

s 

, 1 
d. j 

Eduisione 'bVrcjvtie; Trs'* 

io O-PO 

r 5,343 i 

2 

10 

iX } 

Bell rack, Fiirh of Fcnh 

, 

28,530 

I 

10 

0 

3 aezTt'>'or<;f Skjjtliiid (iSaa) 

72,200 


X 

4 

3 

Bisbjp rock, hrat granite icver (j 3 :S 


35.200 


19 

7 

SsnalL, Bratol ChoBnei fiS 5 s,' 

5 V.I 24 

46,586 

X 

1 

7 

Hanoh AiTmej- 

25.206 

24.5-12 

I 

0 

7 

Wolf totk, Land's Bud f iS 5 c} 

52,726 

50,070 

I 

7 

3 

Aha HesrKch, Scotland 11872. . 

t r-" tSu 

42,050 

I 

14 

6 

Loags-hipSy Land’s End frS-j' 

45 ,‘i 69 

47,620 


iS 

0 1 

Sddysta-as \DoH;hsi< tiiSi) 

56.255 

65.108 


18 

2 1 

Bishop Rjch, recoib^Tuction fiSS?) 

64 Hg 

' 4 S- 0 SO 

t 

3 

9 i 

Great Basses. Cevioa fid?-’/ 

65.560 1 47,819 

1 

6 

7 * 

Mvaat s Ledso; BosiU'ii, dIass U’^oo* 

1 Cr.seo s 


^7 

Z t 

Specnide rsrf. Lafce Huron 1 ii>7^ 

1 78,125 

j 42.742 

X 

16 

/> 

KEmecL, France TSSil 

1 jr.bcr 

i 32.400 

1 


3 

fasmsl, Irplaaa (rooA 

7ts-CKXS 

62 600 

I 

5 

5 
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Rfiect of Waves.— The trave stroke to which rock lighthouse 
lowers ate ejqsostd b often considerable Daring the erection 
of tne tower at Dhu Besrtscb, 14 jeggied stones, each of 2-tons 
vre^ht, were washed away after having been set m cement at a 
height of 37 ft abo\ e high water, and similar damage was done 
the con=.tnicpO!i m the Bell rock rawer The effect of 
waves on the Bishop rock and Eddystone tow'ers has been noted 
above 

Land Stritctures for Lighthcmises.—. The erection of light 


Fig y — diagsam SHoisina the glass elem 
LIGHTHOUSE OPTtCA!- APPARATUS ELCMEHTS 

fore emerging from it (fig 7). The objet 
of optical apparatus is not only to pr< 
disdiiLtioiis in fights to enable them to I 
mariaers. but to uU&e the light rays tc 
their condensation. This is accomplished 
use of revolving annular lenses than by 
intensities are thereby attained Fig 7 
form the various sections and disposition' 
monly used in hghthouEe optical apparati 
Catoptric Systenu—Parabcfloidal n 
‘ small facej of silvered glass set In pla 



LIGHTHOUSES 


5 n feome o the Mer e> igfa & b/ ihaxn b ine allic ref’ec on h s ^;fea e than hat .e^u]^*rig iror- 
<“n dock mas er a L eTJoo phe o dai ta use o- g-ass cjexnents. Shortly before ius death rn 1S2' 
ntrodJced m i* ranee m i,Sx, foilowed Fresr.eJ devised his toially reSectmg or catadioprrjc prisms (fig^ 
rs ot Slivered copper In 1790 in England ' 7; to take the place of the silvered redettors previously nsed 
dand in 1SC3. The earlier lights were of ' above and below the lens elements In these the priaaple of in 
r of reSectors being arranged on a frame | cemai reflection from the face of a glass prism 1= made use of 
er that the emergent rays overlapped and ' as well as the principle of refraction. Thus a ray of light 
hole horizon cenunuously In 1783 the i falling on the pnsmoidal ring is refracted as shewn m the en 


erected at Marstrand m Sweden Similar i 
at Cordouan (1790), Flam borough Head ' ! 
rock (iSir) To produce a tevoKnng or . ; 
ors were dved on a rotating carnage iav- | j ^ 
e of paraboloidal reflector is still used lor ! i 

-edecting mirrors tvere used m the Hehgo- ! 1 
nation wirh electnc-arc lampa. The French | ' | ' 

lied (1919) a quadruple-flashing light at i 1 ’_1. 

has large gilded and burnished parafaoloi- s 
escent oil burners. It is however, unlikely ! : 
take the place of dioptric lenses Pam- \ ^ ji 
also been used :n some aenai hghthouse.s j j 
Valerien, near Pari*:. i , 

The first adaptation of dioptric lenses i 
)ly due to T Rogers, who used lenses at 1 1 
hthouses between 1/36 and 1790 Count | 
losed to grind out of a solid piece of glass ^ 
ntnc zones, in order to reduce the thick- j 
ig, 3 a J Condorcet in 1773 and Sir D | 
ned built-up lenses consisting of stepped j 
of these designs, however, was intended | 
illurninauon In iSac Augustin Fresnel r-® — 

rmular lens in which the centres of curva- ; 
mgs receded from the axis according to 
le centre, so as practically to eliminate j n, 
le only spherical surface being the small i 
tye” (fig S). These lenses W’ere intended , 

Jy Fresnel nest produced his cylindric g~— -- 
* 1 ..... '• » *■ 


kfcfiSES k 

COtlOE'iSV'KG \ 
Rm ^ UG'iT i 


larged detail of the reflecting 
; prism and then is totally re- 
I fleeted emerging after a sec 

S Hiiiirass, 0jrjj refraction in a horizontal 
I direction Fresnel devised these 
fSVKG \ prisms for use in nxed-hght an- 

■ UG'iT ^ ^ 

viwoss paratus out tue prmcipie wa^ 
'’^’1 A . sum® , applied £0 flashing lights by T 

_ 1 Stevenson in 18 ;o Both the di- 

PAwcLs I optric lens and catadioptnc prism 

ij , invented by Fresnel are still in 

[j { general use the maLhematical 

I calculations of the great French 
j designer still forming the basis 
H cs-oot i bghihouse opticians 

I I work 

Fresnel also designed a form ol 
fixed and flashing light in which 
' a fi-ved light, varied by flashes 
^ was produced bv' placing panels 

G 1 of straight refracting pnsms m a 

, v-ertical poeinon on a revolving 
I carriage outside the fixed nght 

apparatus. The revolution of flhe 
V y upright prisms periodically in- 

f\/ creased the power of the beam 

^ by condensation of the rays, 

emergent irom the fixed appara- 
tus. in the horizontal plane 


onsisdniof a W of-glass generated by i m ' * 

vertical axis of a medial section of the of 920 mm, fooai d.»- early apparatus were of polyg- 

The lens belt condenses and pirallelizes 1 tanoe, formerly at Cordousn naiit- onal form instead ot cyiinoncai 
erticai plane only, W'hiie the annular lens ! txH/je (eiver Gimndt), was the first but subsequently manufacturers 
s The first revolving light constructed . *'* ” succeeded in_ grinding glass in 

-was elected at the Cordouan lighthouse ! cylindrical rings ^ of the form 

•i S panels of annular lenses of 45° verti- j now used. The first apparatus of this descripcion^ was made 
g a focal distance of 920 mm. To utihze ! by the Cooksons of IMev. castle m 1836 at the suggestion of Alan 
otherwise escape ahov^e' the lenses. Fresnel j Stev^enson, and erected at Inchiceith, F ifeshire The first diopfric 

. apparatus erected by the Trinity House to show- a fixed fight 

) i j was the one formerly at Start Point in Devonshire, It was con- 

I j ' structed in 1S36 

4 I Azimuthal Condennng Pnsvis — To condense the rays from 

5 y- ri I ^ fixed-fight apparatus in certain azimuths, T. Stevenson devised 

1 / ~i ' hi his azimuthal condensing prisms which have been vari- 

, .ijJ.iL_4._Upu.j — J — I j ously applied in the construction of optmal apparatus as, _for 

1 r 1 instance, for the strengthening of coloured sectors. Appiicatioiis 

I j ! of this system will be referred to subsequently (ree fig I a) 

^ L — ^ j Dioptric Mirror — ^An important improvement in lighthouse 

D ^ optical work was the invention, of the dioptric mirror by (Sir) 

^ I J T Chance in i86a Tbs mirror is a modification of a spheri- 

^ cal mirror devised by T Stevenson in 1830, in W'hich double re- 

oEVELopMENt OF FResNEL s LENSES , flecEioii froiB thc internal surfaces of a caiadioptric pnsra, was 

tion of Fi-esjiei's lens, e, d, sieraOon anrf secf.on einpIo3’’ed Chaoce generated the zones of prisms round the 
, e, seoUen and half elevaiion of Fiesnei’s lens bell vertical axis, separsced the elements and set them at increasing 

eight plain; silvered mirrors on which , radii, thus producing an instrument of practical unlit}’’ By 
by a system of lenses At a subsequent the use of the dioptric mirror rays of fight which would other- 
50 placed in the lo'wer part of the optic wdse be lost are reflected hack through tne focus of the source 
rated on roDers and revolved by clockworL of light and are refracted or reflected with the main rsys This 
le first combination of dioptric and cat op- form of mirror is still in general use and is constructed for 'verfi- 
(esign (fig. 9). Fresnel also designed for: cal angles up to loo'* 

ise a dioptric lens with catoptric mirrors , Spherical Lens ■ — ^Mr C A, Stevenson devised in 18SS annular 
, which was the first of its kind installed lens panels consistbg of lens elements spherical m the honzonial 
■’ This combination is geometrically per- and vertical planes, and these, with equiangular pnsms, have 
y so on account of the great loss of light j been used in a number of apparatus for Scottish fi^thousea 


onsistmg of a zone of glass generated by 1 ebecteo im iszs 


OEVELOPMENr OF FRESNEL S LENSES 

flon of FresFel'i lens, e, d, sleraNon antf section 

, e, seotjon and half elevation of Fiesnel's lens bell 

eight plain silvered mirrors on which 
by a system of lenses At a subsequent 
50 placed in the lower part of the optic 
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op ical Glass foi c t Is s 

ii e . - "’•-s H’sc; J- rr~ace 

r i: GcSai’'. ^ni Pra. 'Acrks .vr.cr. h.;< e ica^ o-ea 
;^'^eurs,'c2 ^or ihp Pi"h -qu^Lty of cf-ural s'sss :£?y yroc_ce 
If.' tar>' -liOacri; =fe,ud .r. ibi Untied I%j>gdcm si,nie 


f;;t:;r£ >:f Uasca tus alandoricd bj Cooksons' 
.? :a rS^tJ Cbaace Brus and Co of Bu- 


!3 n nJ. r. t.-u njijs; ry trj Coi^kaons i.vho "ere inscructeij 
,} Trent; sr.±:^ ct Atsrus.in At drst they tried 

(v r,!jt3.d the Icr.-^ jnn :r*.r. to ritrd :t out of ont tiiicfc sheet of 
rlSoi. Tc£ 21 
=j£(.e^s&r£ ’f 

•rr-nsn^n i.iS-r> to ' ntiesJ cnss ssa.sted hy H Inbouret, 
i frenrh £S>'rt wbn hsd been a ccifea^u-e of Ao^scjn Fresnsi 
''inttrlf. The itrs; Tgb; tr'.ce ny the 5 nn vas sboATi at the Great 
SxhibtUn of rifi since vher. Eoaierovs cicptr.c apparatas Ime 
'teen ccnstracisd by ^Messrs Chance rbn are at this rnnte. tae 
ni/ ffion .lecturers of hsu'feaose ^ies; in tne United Kmgdce 
of the class used for snnata'ns as>r.3trjatea in France is 


narjfntL-ed at St Gebain Sotae gla'S used by German con- 
'truclors is raede at Ratbcn-L in Pros-in Gcslar in the Harz 
Tes glass generally entployed for lighthouse optics htis a mean 
efracrc-e .zdes of ^ = : ;i the correspojidirg critical angle be* ] 
ns ar"* ;o' Messrs Chance nave used dense dint glass for the ) 
^paer and lovrer retracting rings of high-angle lenses (up to <^7^ j 
.enjcai angie't and lor aoptnc mirrors m certain cases This 
glass has a tnlue of ^ = i 6a irith cniical angle jS^ 5' The use , 
if refract.ng elements for an angle greater than 60’ aperture is ' 
e; attended by any odtentoge over redectiag prisms " 


XypES OF IIGHTS j 

Occulting Lights — During the last Quarter of *he 15th cen - 1 
ary the disadvantages 0! fixed hgats beuame more and more | 
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TPAL’A 

Tp* SfdB'Wi % A pls'5 D* ihe oEfSica? ajpsrstus at the iayel cS ibe foes) plan* 
"'■fee fe jotiaertec! Erc4 directed over the obaosal, the dansje-i »i the 

5!si« 0 * which are aovered by the red stenS jftaea lights 

apparent ana they have fallen bto disuse except in the case of the 
less iniconar.t harbour and riw- lights. The necessitj' of pro- 
^lOBg a dfetmetive charactenslic has led to the conversion of 
ffiSny of tie Ssed'hght apparatus of earlier years into occulting 
lights, or to their superhessico by acre niodem and powerful 
Sasini^-sppsratiis. The occultadon of a light is produced either 
by a cyHiMki-csi screen lowered and raised around the burner; or 
fey a rwobing screen; or, _ when some form of gas burner is uUd, 
©2^ extii3:guJsfeiBg tie Egbt itseU* Vac3fiiig chaiac' 

^SfeW.M, Hampton, Tfststr Opi^ai Soc^ voi XXIX t 9J8) 


e - one or mor. 

m means 'jf such cortricances 
eap.cy:;c m cases wsere it h de 
of occulmtioriS in two vt more j 
d.'riereDCiafe sectors marjdng sooi 
blackeo and arranged s'erui 
♦he laths of a Venetian niind, anc 
Leading Lights, — In the cua 
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F15 U — FUKBOfiOUGJJ 
Ssciiora' plan of fits firsi^rde'- optioa 
shows 4 fashes every 15 seconds 

lead through a narrow' channel 
desirable tc employ a revohing i 
used ir. such cases, generaliy fitli 
A typical apparatus of tins de 
Point, Fremantle West Australia 
light coters the fairway, and is 
red and green-light marking dar 
condensing pnsms. A good exa 
h'ght is that at Suzac lighthouse ( 
of an annular lens joo mm fo 
angle and 157® vertical, with a 
tens throws a red beam of abou 
50,000 candle-power, over a nar 
an incandescent petroleum-vapoi 
lenses of this type can only be 
marked is of comparatively small 
of parabolic section are also us 
lishment of a direction hghfc fra 
of separate towers for leading lig 
lights are employed to indicate 
channel or beeween dangers the 
to aford a good-dead, the front 
at a lower elevation than the rea 
Coloured Ligh.ts.~Co lour is 
distinction, entailing as it does 
power of the light It is howev'o 
drfferentiating sectors oser dar 
purposes. Alternating colours f 
commended on acrount of the ut 
and bright rays by the atmosph 
has been employed, as in the 
white beams have been approxim 
by constructing the lens and pi 
larger angle ihao those for the w 
by the red colouring nl the glass 



LIGHTHOUSES 


ty cf Lhe correspondiTig ^vMte ligtit. > 
of greea light is a5?£ When red or 
n £ onjunctioa with a v'hite Sght from 
uld if it IS practicable he reinforced 
lensing prisma or other means, to , 
approxiznateiy the same intensity as ' 
ntrodiictjon of grotip-iiasbing charac- 1 
sing colour as a means of distinction ' 
id. In situations such as A river fair- | 
of buoy or beacon lights have to be , 
j characteristics, coloured lights are, i 
ed 

~<Dns of ‘he most useful distioctions J 
tto or more flashes separated by short ( 
group being succeeded by a longer ' 
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(KARACnn APPARATUS AND lAHIERN 
1 fecal distance, it is rotated on a mercury 
oil burner at its foeus. The right hand half 
jft hand as a varttoa! section 

mare flashes of, saj^ half-second dars- 
ler at intervals of about 2 seconds and 
of, say, lo seconds In 1S74 X)r John 
rmpravement of arranging the lenses 
It together with their panels of reflect- 
setting them at an angle to produce the 
1C The first appamtas of this tj’pe 
(W m tise at Tampico, Mesico (tnple- 
Basses hght-house Cevlon (double- 


flashing i A modification of lae system consi'-:s in grouping tvio 
or more lenses together and fifirng the remaining angle in azimutti 
by a reinforcing mirror A setuonal piari of the quadruple-flashing 
first-order apparatus at Flamhorough, Yorkshire is shoira in Ag 
II on page Q2 

Hyjper-radial Apparatus . — In ISS5 Messrs Eaibjcr of Pans 
coasiiuctcd the first hjper-radial appaxaius (1,330 cim focal dis- 
tance) to the design of !> and C Stevenson Apparatus of sinuiar 
fccal distance were siib‘eqi-ently established at a number of other 
lighthouses That at Manora Pome, Karachi, India (igcSi is 
illustrated m fig ir The introduction of mcandescent oil burners 
and dectnc lamps of fool compactness and high intrinsic bnght- 
ness has rendered unnecessary' the pronsion of optics ot such 
large dimensions. 

Fixed and Flashing Lights. — ^Tbe use of these lights which 
show a fixed beam varied at intervals by more powerful flashes 
is undedrabie, though a iar,ge number were constrL!i.ted in the 
earlier years of otoptne ihuminaticin and soine are still m e.vts- 
tence. la certain conditions of the atmosphere 11 is possible for 
the fixed-light of low power to be entirely obscured while the 
flashes are xnsible. thus the true charactensdc of the light is 
vitiated 

Screens and Cuts. — Screens of coloured glass, intended to 
disungmsh the light in particular asiniuths and of sheet iron, when 
it IS desired to "cut oft*’ the light snarpK on any angic. should be 
fixed as far from the centre of the light as possible in order to 
reduce cotnirangiing m the first case, dud the escape in the 
second case of the light rays due to divergence. These screens 
are usually attached to the lantern framieg 

IMvergeace — dioptric apparatus designed to bend all inci- 
dent rajs of lignt from the light source in a bonaoccal direction 
would, if the flame could be a point, have the efect of projecting 
a band or zone cf light (in the case of a fixed apparatus ) and a 
cylinder of light rays fin the case of a flashing light) towaidv 
the horizon. Under such conditions the manner m the near dis- 
tance would receive no light as the rajs would pass above the 
level of his eye and be visible only on the horizon. In practice 
this does not occur, sutficjenc natural divergence being prciduced 
ordmaniy owing to the magnitude of the flame When tne electric- 
arc or an incandescent electnc-lamp of small focal diameter is 
emploj'ed it is sometimes necessary to design the prisms so as to 
produce artificial divergence The measure of the natural hori- 
zontal divergence for any point of the lens is twice the angle whose 
tangent is the ratio of the radius of the ill uimna ting source to the 
distance of the point from the geraaetncaJ centre of the lens 
and for calculating the vertical divergeme the vertical dimen- 
sions of ihe light source above and below the focal plane, must 
in turn be substituted for the radius, and the sura of the angles 
thus obtained is the total divergence In fixed dioptric-lights there 
IS, of course, no divergence in the horizontal plane. In revolving 
lights the honzontal divergence is a matter of considerable im- 
portance. detenninmg as ir docs Che duration of flash, » e , the 
length of tune the Sash is visible to the mariner 

Fetix-EcJairs or Quick-fiashing Lights, — One of the most 
important developments in lighthouse iliuminaring apparatus was 
in the direction of reducing the length of flash, initiated by the 
French Jighihouse authenbes about 1891 and shortly aftenvards 
followed in other parts of the world The early feux-edairs, de- 
signed by the French engineers and others, had usually a flash of 
j^to T sec duration. As a result of experiments earned out in 
France hv 1903-04, sec, is naw generally adopted as the 
mimnimn duration for white flashing lights If shorter flashes are 
used it is found that the redaction m duration is attended by a 
corresoondiiig, but not proportionate, dimimition in effective in- 
tensity In the case of many electnc flashing-lights the duration 
re of necessity reduced but the greater initial intensity of the 
flash perttiits this loss without serious detriment to efficiency. 
Red or green requites a considerably greater duration than do 
white flashes. The intervals between the flashes in single-flash- 
ing hghfs of this character are also small, usually to j second.^ 
j In grDup-Sashuig lights the intervals between the flashes arc 
i about J sec OT even less, with penotis of 7 to t j aec between the 



9 + 


LIGriTHOl bEb 


H litt 






d Ztdztz 
rzt zr^z^it: Va. 


C' CiiM.X :o zs z 
cf Lzhz z 


exp 03 • 
iicse iorxtrly 
1 ,-, 


01 t'^ZCt'Z.-- 

■-: ’f -' gr.'-.;£r ..r.^„ar cr 

„i.r.g rAii'iC-: is'i?: :i ■Lc::cr ra.aior- i-exaty It ti:iS Btt?c 
: taj-, Bnor- ore i{„4,‘5;i&r>: for t^rCiKg bsarorgs. b’ji 

'u:.- cf b :r. ir.i r:cx_K^\ does nco see- to depend so 
""orii apun at* i'’:i-oI .cr.c:o or fOB os up^oa i:3 frequent 
urrtr.ie a*, 'b ;rt :r',er\b-i 

1 * -Siia ^‘un J''^uu jrupraout.ii.ie to revone sa opuco; appuraius 
',’'.r, s i xju'iGa;, i.j:r~Ln:;i rteighins; as such as “ tons, dt 
‘ti bigl'-ur xtt ,f speed reqjuea :or ^sjs-^c^mn by means of tie 
t.;i sjxea: of rc..;r Uirr^ancs thciush ton 2 certain nnmDer of . 
iirua qxrft-re'roiing ipt-.s bail tearings bare been successfuily 
enepted d: has therernre bec„nae nlnost the umrersal prntrice 
;o Ccury' the rorann^ portions cf the apparatus upon a mercury 
fc‘4* Tn 3 appicnt^cc of merca'v rotation ’?,a3 the invention oi ; 
r< hourtede' Tre nrrnngemenr ccnsiits of sn anrular c-ssidron | 
G^cupi coruahiing merttiy ts'itb u siiuuAr hut sarhily smaller i 
ar.nuhtr i oa: imrcciscd in it and displacing a voiume c: the hqind 
nretal rihose Treiaht Js eq^al cu that of ine apparatus supported ■ 
In a;’ tc'-es protfslon js made fer iowsHcg tie merem' hath or 
rasing tie rlo„t and apparatus for exanjnauon. An, esample of a 
mercuir,’ doat is she ,vn m Plate II . bg 4 
Huifiform and Xwin. Apparatus. — In order to doubie tie ■ 
purer to he cb'accd frota A sir.gifi apparatus at stations where .' 
nghts of ercepaocaUj high miensity are desired, tie etpedient cf I 
-upenmDasiog one cooipJete '.ens apparatus on another has some- ,' 
t’r es ccen acepted. as at the Sishop rock {fig, 4), Harfcfead point J 
Plate II ) and at tie Fastne: iighthouse m Ireland (.Plate IL> 1 
Tnft.rm a-id quadrifonr. apparatus have also been erected m Ire- j 
land Tie adoption of the tnuliifonn sj'stem involves tie iise of ' 
lanterns of mcreased height Another method of doubb'ng tie , 
power of a i'abt i by moimcmg two complete and distinct opnes \ 
side oy side on ms same rei el’, ing table This expedient has been ! 
frequenrK adopted by French designers | 

“Orders” ol Apparatus — ^.^Lgustin hresnel divided his diop- ! 
tnc lenses into ‘orders or sires depending ca their focal distance 
This division is sail used, although two rddiiionai "orders'" known 1 
.h small third order’ and "hyper-radiai” respectively are m 
i.rdirari use The foliowuig table gives tne iocai distance of the ' 
^e\e^ai sises — 
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Leases, of sracJIer focal distance are also made for buov and 
ijeacca ughts 

Light Iiitensities^— The powers of ightbouse kgbts given in 
the Adsmt^ts Idsis of Lights are expressed in terms ol “hgit- 
house amts' (me igitiouse uniter. 000 pentane candlesl In 
FriiEce tie “b-tugk dec»p»Je’' and b America tie ‘'Ameacan 
csadle” are identcal with the standard pentane caudle. The Hefner 
iKt used in Genssny, Holland etc , is c*9 of tie pentane candle 
Tie intensity of a beam of Sght emitted from a dioptnc apparatus 
depends u’pon the brilliancy nr intrkslc brightness of the source 
cf l%at gsd tie prabeted area of the opticai pend, In tie case of 
a revolving I%ht or cf tie p 3 kr of Ught m the case of an optic of 
isfid SKtron ^ The tieoreticai \ af oe of the intensity can be com- 
frctoi the tonnula i=iA. Where / is the total iniensiiy of 
emer^ttt beam; i is tie mean btnnsic bnshtness obtalaed 
by dnidiag rite total light intensity ot the source bv ihe area of 
is orejsaad rtnage iti v-urions planes and J tie projected area 


j o e tn ane ( or re ol --.g appataLUSi or tie height or 

. ps or g,a;s fKutripnsd by tie breadth of tie iimmir.aung source (fer 
ay optics of Sxec secaur,} 

In crrcc-ce owing to tie inequaicies of tie limm-nating source 
and the msses due to refraction redecuca and absorption expe- 
r-enced by ±e rcv s m them passage rirougi tie optical elements 
and the Lmsm shzrng, the actual value is found to be about 50^^ 

01 tic theoretical talLie Bj the addiion of a mirror the intensitj 
of that pan of the panel reMor^ed by it is increased by about 
ic'^c Dediictiotis must be made m the case of coloured lights 
(it'c paragraph on 'coloured lights ’ p gs) 

The mathematical theory of optical apparatus for lighthouses 
and formulae for the calculations of profiles will be found m the 
works of the Stevensont. Chance, Allard Reynaud Hopkinson, 
Rtbiere and others 

ILLWtmiANXS 

The earhm form of iliuimnsnt used for lighthouses was a fire 
of coal or woGd set in a brasier or grate erected on top of the 
lighthouse tower L'mil the end of the tSth and eten into the 
roth century this pninith'e iljiaiaaat continued to be almost 
the only one in use. The coal fire at the Isie of May light con- 
thmed until iSio and that at St- Bees hghtbouse in Cumberland 
to 1803 Fires are stated to have been used on the two towers of 
lAtdlngeii, in the Kattegat until iSqh Smeaton was the first to 
use nay form oi illumlnant other than coal fires he placed mthm 
the lantern of hiS Eddysrone Lghthouse a chandelier holcticg 24 
tallow candles each of which weigheo § In and emitted a light of 

2 2 candle power The aggregate illurrunaung power was 6f c 
candles una the consumptmn at the rate of 3-4 lb. per hour 

Oil. — Oil lamps with Sat wicks were used in ihe Liverpool 
lighthouses as early as 1763 Argand between 17S0 and x;Ss 
perfected his cylindncal-wick lamp which provides a cenirai 
current of air through the burner, thus adowing the more perfect 
combosuon of the gas issuing from the wick. The prmdpie of 
the muitiple-w'ick burner was devised bj' Count Rumfora Fresnel 
producea burners having two, three and tour concentric wicks. 
Sperm oil was used in English lighthouses until 1846 bur about 
that year the much cheaper coba oil -was employed generally 
Olive, lard, and cocoanut oils have also been used for lighthouse 
purposes in vanous parts of the world 

■ The introduction of mineral oil, costing a mere fraction of the 
' expensive animal and vegetable oih, r6VoIutioni;,ed the lilomma- 
' tion of lighthouses It was not until 1S68 that a bumei was 
1 devised which successfally consumed hydro-carbon oils This was 
a multiple wick burner, invented by Captain Doty, which was 
I quickly taken into use by lighthouse authonPes. The “Doty" 

. burner and other patterns involvang the same principle, remained 
j practically the only oil burners in lighthouse use until the last 
j few years, of the 19th century, 

! Coal Gas. — Co^ gas was introduced in 1837 at the inner pier 
I %ht of Troon ^(Ayrshire) and in 1847 it was in use at the Heugh 
lighthouse (Vvest Hartlepool) In 1S7S caimel-coal gas was 
, adopted for the GaSey Head lighthouse, wuth 108-jet VTighao 
burners Sir James Douglass introduced gas burners conEisting 
of concentric rings, two to ten in number, perforated on the upper 
edges 

The invention of the l^elsLach mantle placed at the disposal of 
hghthoiise authorities the means of producing a hght of high 
imensity combined with focal compactaess For lighthouse pur- 
poses gaseous iliummants other than coal-gas are as a rule mote 
convenient and economical, and give better results with mean- 
descent mantles, hlantles har'e, however, been used with ordsnarv 
coal-ga.s in instances where a local suRiIy of suitable types is 
available. 

tocaodescent Mineral-oil Bnmcrs^Incandescent lighting 
mth high-flash mineral oil was first introduced by the French 
ughthouse service in iSgS at L’lle Penfret hghthouse. The incan- 
descent burners now in use in hghthouse services ail the W’orld over 
are all made on the same pnnaple, but diflei in details The 
pnnLipfe consfets jn iBjeitiiig the K^guid petroieuin usder pressuie 
lir.o a vapoarirer where it is heated by subsmiary jets and on- 
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optical apparatus for LfGHTHOUSE ILLUMINATION 


Faitnet L.glilhouse, Jrelanc <1904;, 
ry S sacs An incandesoant oti mantie- 
‘f the two superimnosed optfos 

set (i92S) An incanctesoent aaS'filled 
us Df one of the fixed optical appanatus, 
sni stand-bi acetylene but-naf <rcahil. 
de a flashmfl device At left are fixed 
ght, po-iijn cf diobiric mirror. Since 
tafted in 1928 the two liahthouses are 

( a first order apBaratus of four Barrels, 
trough conlainins mercury, jri which the 


float carryino the rotating apparatus is immer 
exeminalior. by rotatina it on the central sere 
4 Great Basses Rook Lighthouse, Ceylon This first-i 
on a roller carriage, made in 1S72, is an 
revolving lights emBloyed before the mtrodu 
and wide lens-panels Rotating mechanism sei 
5. Optical apparatus m Spurp Llghtvesse), with cor 
6 ABpa'alus for aerial lighthouse a' Cranbroofc., Ke 
7. Third-order biform apparatus of 6 panels and 
L'gbihotiae, North Devon (1927), which sh 
secs At focuB of each optit, is gas-fliled me 
ot3 KVJ. 
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apQur ssues from a 3.02zle .icd dr ’V 
JT.ber a dr head o the bur^e here 
ole a® die ncaadet.ceHce o. ^hs 
small proportiou of the gas is diverted 
smaL resert'oir of compressed air — , 
and'piaap — ^is used for providing tne 
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” PETROtSUM^VAPOUR BURNEft 

ction On hist ignition the vapouruet 
to the required temperature 
pparatns in vi'inch ordinary multipie* 
dy employed is increased moit than 
in of suitable incandescent-oil burners 
burners were adopted by the general 
; United Kingdom The ‘Hood" burner 
servnce is illustrated in fig 13 and the 
I The mantles are of the soft atno- 
pe which has taken ihe place of the 
in the older forms of burner Particu- 
larv use are as follows — ■ 
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jas system introduced m the ’70s of the 
pe of the several methods of gas light- 
majonty of buoy and other unattended 
of the tgth century was in general use 
lescent oil-gas burners were introduced 
hghtmg as well as for a few attended 
century The use of ordinary cal-gas 


nece s a es ts pe od.ca snppiv by means of ia ge tran port con 
a le 1 which toied a. a pressure or from g to 10 atnio=; 
piicres 3 disadvantage which has led to its gradual supersession by 
acetyiaie or other forms of oil-gas {tes below j. 

An oil-gas, known by the name of it* inventor. Bun, of Augs- 
burg has been employed to some extent, partictdsriy in Germanv 
and Holland, since anout 1906 as a substitute for ordinary oil-gas 
It is produced m retoas m much the same manner as the older 
variety but at a lower remperature C) and can be 

compressed 10c atmospheres ar which pressure the hydro- 
carbons are iiouefied This liquid gas is stored and transported in 
cylinders weighing about rgo lb and is expanded from them at 
about 9 atmospheres pressure into the body of the buoy or the 
receivers at the beacon or lighthouse When it is used wth an 
incandescent mantle of large size an intrinsic brightness of about 
25 candle-power per sq cm . or about 40% more than ordinary oil- 
gas, is obtainable 

Another variety of compressed oil-gas known as BBT, intro- 
duced m France apout 1924, has also been used for buoy and 
beacon lighting It does not liquefy at 140 atmospheres, at which 
pressure it is transported in containers each weighing about a cwt. 
It IS burnt only in conjunction with an incandescent tnantie and 
the intrinsic brightness obtained is slightly higher than that realized 
with Blau gas. 

Acetylene. — Acetylene (q,v I was first esperitnented wicb for 
buoy and beacon, lighting about 1S06, open-flame burners being 
used An incandescent-mantle burner consuming acetylene was 
used at the Chassiron lighthouse fp ranee) in igor Oil-gas, en- 
riched by the addition of 20% of acetylene, was for a time used 
m Germany and Holland for buoy and beacon h'ghting It was 
not, however, until about rpoh, when the difficulties associated 
with its employment had been overcome by the introduction of 
dissolv ed acetylene, that the gas came into general use for coast 
lighting. Acetylene in this form is stored at a pressure of 10 to 
r 3 atmospheres in cylinders, usuaDy weighing about 2 cwt-. filled 
with a porous matenai and charged with acetone in the presence 
of which the gas is dissolved Owing to the higher intrinsic bright- 
ness of the flame and ihe convenient transport of the gas it is 
now in common use throughout the world not only for buoy and 
beacon lighting but also for many coast lights oi secondary 
importance and unattended revolving lights, mantle burners being 
sometimes employed 

Acetylene generated on the spot on the carbide-to-w ater pnn- 
ciple IS nevertheless still used by some lighthouse authorities, for 
unatrehded lights. Comparatively frequent attention in tenewnsig 
the charge is. however required in these cases The intnnsic 
brightness obtained in some incandescent -acetylene burners is 
about eoual to that of autoform-mantle petroleum-vapour burners 

Electricity. — Electricity for lighthouse iilumination was first 
experimented with in England in 1S5S at South Foreland by 
Trinity House This was followed by its adoption at Dungeness 
m i86c, and at Souter point oa the coast of Durham an iS;! 
Both these installations were later abandoned, the former in 1S74 
and the latter in 1923 wuen a first-order biform flashing-light with 
incandescent oil-burner replaced it Electncitj- was installed at St 
Catherines in the Isle of Wight in i 3 SS and wax also ia use at the 
Isle of May lighthouse at the mouth of the Firth of Forth from 
18S6 to 1924 Arc lamps formerly provided the dluminant m all 
large apparatus, but the development of high power, gas-filled, 
electric-filament lamps has caused their supersession for light - 
house use A special type of lamp with highly concentrated fila- 
ment was evolved by the Dutch lighthouse service in rqrS and 
has been made in smes up to 4 kw. (Some esperimental 4 kw. 
lamps under trial in Holland [1928] have an intrinsic brightness of 
about I Sod candles/cm*. Damps of ao kw have been used experi- 
mentally for aerodrome lighting.) 

Economies have been effected by the introduction of these lamps 
combined with automatic electric equipment, and -where in addi- 
tion a local supply of current is available the reduction of mainte- 
nance charges at electric stations is considerable For instance 
at the South Foreland, which has been a perament electric station 
since 1872, an engineer and four keepers were formerly required 
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; 'Tj " ircx-t!\s*‘y replaces a iarap 

'h- iC^Tjr* ■^' Ibt. c.“j i“- r.-nic^' Qjrns anr or briap a 
•^^.^■1,'-, '■:*: i„vi:s if cho sfoctric suppA 
A lU'ri'j " ■'-? i•:v■■.tr^ qi^arisrs v,jrps h:fn sf an3- 

'fer.ri.irLnrr.. ijj-ci pi-wf Tra P'rar’an: Jjn^p is ^ cac cp So v. ■ 
ara ~z ^r. a. 'rA h*? a rrcaa L'l’^dns'C bnq3t';C''S of r oco 
c-/’.uc- A =)T;kr ius bt-sc sAotiti- '• 

ii.,.^d i.r 'ha ^r: zrp it *-e Lurre upaf, i ba. 3.-2 ttis o-e the 
currsa: ;s at the I’^h’POute, tee cersonrei redrtaed 

fraai die to tU'ic A; ether ieiportaat co-st hgfetPonses jaoiadiag | 
r-ar3;^-a >i,'srr.ei arre rzsr.und porai (Pjte II 1, in orcer to 
2 "ctrb rt.rp kep: dirnre toe beth in the ersine reora 
ari tie Lniern. slcctac lichr baa been ratrococed in place cf the , 
pttTO.eatn-'.^poiir hrzv? and ’he apparatus in the lantern made 1 ' 
anteno’:; The electric currerr is generaici oy semf-cEieset engines ' 
direct'CCiapied to tne eexamas SimJar insrailauona have been 1 
put into four new Trinity House light -vessels f 1506-27), f ‘ 

Eiectricit^- was used st the old sooth lighthouse at La, Heve | ' 
(fr„ni.e la 1S65, ar j ir 1510 there Were 13 iraportant electric; ' 
lights on the French coast ,Arc lamps were em^Aoyed and gee- j i 
eraiinr plan* nsoantr steam dnvea, was protided at each statim 1 1 
The blab cast, of maistaiaing such stations prevented iiaj- extea- 1 
sioK ot their use on a ^at-ee scale a France as in other countries; i 
hut sj,ac2 tqto the con’.ers£o,n of some of the then existing electric 1 
stn.mns tc incandescent-fehmenc lighting has been enected. Ac 
other stations tor where current from pubne supplies is available, t 
eiec'.riciCy has been introduced Blau gas is cammoniy employea s 
fer ±fi stano-by burners in Tre.cch electric I-ghthouses, In Hoi- i 
lar.c several eitctric-arc and petroleum-vapour lights have been i I 
supereeced dv’ electric ntament kmps since 1913. At Ameland, 1 v 
a ge: erating set is provided and at Eiikduic, currenc is taken from i 
the public sispply j: 

MISCElLAJfEO^S LIGHlHOtTSE EQUIPlimirT ^ 

Tf.vdem ligatnouse^ Ian terns usual'}- consist of a cast-iron or « 
Steel pedestal, cylinrirical in plan, on which is erected the lanieni s 
gLrina surmounted bj a domed roof end ventilator (fig. la). ti 
Adequate ventilation Uv or great importance, and is provided by v 
Hteans of veatilatois in me pedestal and a large ventilating dome n 
or cowl in ihe rocf Tne astragals carrying the glazing are of o 
■aTpagfct steel or gun-metal They are frequently arranged heli- w 
caliy or uiagoually, thus causing a mininmni of cbstructioa to the ai 
i^t rays in any vertical section and agordmg greater rigidity to d 
the si,i]c,sre The giaaing is usuaiiv' } in thick plate-glass curved 1 ei 
iQ tae radius oi the lantcra. In situations of great exposme the 1 n 
khi'Anesst is increased Lantern roots are of sheet steel or copper ; a 
secured to steel minmeial cr case-iron rafter fraices. At certain 1 s 
necessary to eract a grille or network out- 1 g; 
sMa vhc; Uaiem to prevent the nuinerous sea birds, attracted by ' o 
rm light, from breaking the giuia.Tg by impact. Lanterns varv m j 
aiameter .rcm 3 to i 5 ft or more, according to the size of" the j al 
oppcai m^ratus For nrst-order ap^ratus a diameter of 14 ft 1 r( 
IS usual and tr ft. for second-order. I j, 

• and principai metallic structures ir 

la i kgl33h£>!iia saeald be cuanecred to a copper lightning con- ■ rr 
uactor (p s.) ennied ta a point below low waG or tencinaews m u 
an earth pars embedded in wet ground, ai 

Revok^-H^ apjsarfitiis are roUted by clockwork mechanisin 
muated by weights or spring driven The docks are fitted with le 
^ . govij^rs mn alao warning apparatus to iudicaio when ar 
.c-wffidmg a T&nmred. ViTsere curmar fe avaiiaHe saoan electric cr 
ass often oapioyed eiriw for autonatic le-mading of : oi 
^ cocfflro:^ or for driving the rotatiag medun&ra direcL In se 

mtj&m gg^St apparatus % prsisure of the gas is sometimes bi 
made asa of ta revoke the Jeas t^k. ^^ecimes m 

! .ff and other Isolated stations, acconaaodarioa for the se 
kesjirts a ssuaSy ccataffled m the tmers. la the cc.se of land co 


h hcii-e tl-ve I ng' r pro aeu C-oss p.o.ximity to the 
c .j«er Tne v.acch icom shomd be siuated immeamtely ’under the 
u lanzacz ficur. Oil geaercly stcred in gab’anized steel tanks 

° ' OTWATCHSB Ayn liKATTEJS-DED LIGHTS 

a ' Electric. — Since iSSq, when an iron Deacon Lghced by an 
1 mcaaoescent-electrn. Inmn supplied with current fiom a sec- 
. ondarv' oatiery was erected on a tidni rock near Cadiz, v'arlcus 
,’ fonns of ekcirlc unattended lights have been experimented with 
, . In rci,-S many such ligit? were in permanent use where current 
J coi,>d be obtained from a local supply circuit Storage batteries, 

- I rmull iotomuiic generating set= urd stand-by ga-- burners are 
1 Uitarnati V si}' provided to guard agamsr the failure of the main 
i supply Aucoiua’jc devices are ako fitted for changing one lamp 
; I for another if ihe lamp in focus should fail, and for switching 
, in the stand-bv apparatus when necessary’. Both revolving and 
; axed optics are used In the former case the optic is rotated by 
■ ^ a small electric motor and m the latter some form of automatic 
, ’.nterruprer produces the fiashing character!.. tic. In cases where 
' the optic is too srraJi for 3 burner changer to be accommodated 
I tW’o lenses are employed one sapeninposed on the other In one 
f of the lenses is focussed the electric lamp in normal use and la 
I the other the stand-by gas or electric hmp. An e-xample of sec- 
, ondary- lights formeriV attended and now converted to electric, 
j is at Burnham m Somerset where two leading lights over i m! 
j apart ^er? so altered m 1918, and are now unw-alched at night" 
In this case the optsts (see Plate III are of fixed section and 
the automatic features laduda a flashing device for giving the 
lights dbeir respective characteristics. 

Other Forms of Beacon Lighting.— Among other systems of 
unattended beacon lighting adopted in iightbouse services since 
about 1 330 but now little used may be mentioned the Lindberg 
] light, a Swedish invention employing a volatile spirit, the Benson- 
I Lee lamp having a carbon-tipped -wick, the French permanent- 
j witk lamp, and the TVighnni lamp in which a flat wick immersed 
in petroleum travelled over a horizontal roller so that the 
petroleum was volatilised from a constantly renewed surface Oil- 
gas mostly m its modified forms is still largely employed. 

Acetylene Lights. — The gas is provided etcher by an auto- 
matic generator or else m the form of compressed acetylene dis- 
solved m acetone. In order to reduce the consumption and at 
the same time give a distinctive characteristic to the light the 
I gas is usually passed through an automatic flashing mechanism 
irtoch works continuously until the supply is exhausted Waste 
: or gas during daylight is sometames obviated by n^'ingg, sun-valve 
which is a dev-ice to turn off the gas at daybreak and tom it on 
at dusk ^ Sun-valves depend for their automatic action on the 
drfferentisl expansion oi two distinct metals under the infij- 
euce of light rays or on the difference in the absorption of light 
ra;^ by blaor and bright bodies respectively The movement of 
a lever arm, brought about by- a small movement of the light- 
sensitive element actuates a valve which opens and dcses the 
gas supply Acetylene in unattended lights is burnt either as an 
open flame or in conjunction with a mantle 
The ‘Aga ■ system of acetylene lighting, des eloped in Sweden 
about 1904 has &«n extensively used both in that and othei 
countries -or all Cjasses of unattended lights, including buoys. 

Ir first adopted in England fn 1913 Other systems embodv- 
3.1SO in use. The "Dalen” meandesemt 
embodies 3 mk-flasher which automatically con- 
a’ld regulates the mixing of air 
and gas for consumption in an me erted soft-mantle burner. 

J^nattended lights with acetyle.ne illumitutran the 

w ® If to the mixer 

and burner, the lens table moving on bad bearings or a mer- 

/ir'XS' f automatically controls the duration 

St • anS ^ V ^ f ra-igniie the mam burner at sua- 
hre provides for the replacement of 3 
mantle Incandescent mantle burners and acetylene equip- 

SL.?,r-,fA »' lighttoJs 5 f 

mportMBj, keeper, and na« 

comertm to mwatched or senn-waidied fights^ Among such m 
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NEi?, Ne'HSKUitiis iiaur senvice 

AS LIGHT-VESSES. (NETHERLANDS I.i<5KT SERV!CE> . A SElE-fftORELLEO {.ISHT-VESSEL MOOPED INI THE NORTH SEA 
£S FROM TKE HOOK OP HOLLAND THE LIGHT IS ELECTRfC.OF ABOUT 270,000 0 P. THE SHIP KASTHREE FOG-SiGNALS, 
LD-AJR SISEN. A SDBMARtNE OSCILUATOH AND A WIRELESS FCHS-SJ6NAL, THE TWO LAST BEING SYNCHRONISED 


3 at the Rock (Liverpool). Great Orme 
all (Camareonshire) , Berry Head (S 
id (Scllly Isles) ; East Usk (Mon.) ; and 
jmbrokesbire) The Menai lighthouse has 
pen-dame acetylene equipment. In some 
nption of gas is hrge, acetylene generators 
?r system have been installed, as at the 
urgh lights on the coast of Northumber- 
t-order leading lights at Hurst (Plate I, 
i opposite the Isle of Wight 
ssolved form is at present the best and 
mant for entirely imwatched lights when 
available Its use has enabled many un* 
esfablishei! and maintamed at a compara- 
isitions where a light attended by keepers 
e as, for example, on some parts of the 

LIGHT-VESSELS 

essel established m English waters was 
re in 1732 The early lightships were of 
3 lanterns of primitive construction sus- 
aims Modem light-vessels are usually of 
are of various dimensions The following 
oits in the Trinity House service. 

So to iia ft, 

20 „ 3 b „ 

13 Tsi „ 

300 , 500 tons 

employed at outside and e.tpo5ed stations, 
g stationed m sheltered positions and in 


estuaries The moorings usually consist of 3-ton mushroom 
anchors and i-j’"' or if" open-link cables The Unterns used in 
some of the older vessels are S ft in diameter surrotnidiiig the 
mast upon which they are hoisted at night and lowered to the 
deck level dunng the day. Fixed lanterns mounted on hollow 
steel masts are now gradually displacing the older type. The 
first English ligbt-vesse! so equipped was constructed in 1904. 

Self-propelled light-vessels, some of wliich are of much larger 
dimensions than any British iight-r essel, are employed at the 
majoiiiy of stations m the United States, and there are a few 
in exposed situations m other countries including France, Sweden 
Holland (fig 14 J and Germany. 

Until about iSg5 the illuminating apparatus used in light 
vessels was almost exclusively of catoptric form consisting foi 
the most part of ax in silvered paraboloidal redectors, having 
mineral-oil burners in focus, hung in gimbals to preserve thf 
honaontal direction of the beam. In a few cases incandescent 
mantle burners or electric-filament lamps have been suostitutec 
for the old wick-burners in catoptric apparatus. Dioptrn 
apparatus is now usually provided in new lightships, not only ir 
Britain but in other countries also. The French. lighthouse serrdcE 
m x8g6 devised the first dioptric lei’cb'ing light for a light-vessel 
This ship the Talais,^ was ht by an incandescent od-gas burner 
A much larger vessel, the Sandetti^ of 343 tons dispiarement 
was completed in 1902 The new type of fioating light wa 
afterwards adopted by other lighthouse authorities, and sianj 
vessels constructed on the lines of the Sandettie were buil 
dining the first decade of the 20th century la England thi 

^The Talah and another similar vessel ooustfuefed in 1890 were late 
com erted into uiiattencted 
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Ml Cr;5 tit'.i 
hirrov. Derp <•-1 hi 
'ie }>AV~z:r.rz: ■; -"e.;v-e;c e^iplyved 'A-ith a 5523:16 The :e 5 s is 1 
-CL^tid C 5 155.6 ract to re'-'OA'e on biL hef.nBg= by the gas , 
cr i's '6 'xt O'jrner The 'ens cable la balanced nesr the l 
cerxc cf cs^vity on a piiot in the hntem, and connected by j 
thrae verncdi pJt-mret »t3 a pneted cc'jnter-oaisncc iveisit ' 
pL:ez x -se i J 1 £?? iks sdp at ihe rclhng <.enire of ihe %e 5 sel ' 
1 .' bich teatreis :i ;2 raovetne';-. the npper table t Plate H . fig 5 ) j 
.As the rr.otba intpar.?-! lc the lower balssce weight is small, 
*5e ■jv-'r.sing of the la .5 table is xss thaa with the toratei arrange- ' 
mer.: c: peaculma and gimbai suspensioa Li the older vessels 
cL~gJs iJIuairxtian -was employed but this has been replaced in 
'he irrer ships bi incarsdesceni-jcetylene or xncandescent-oU 
burners asd high-powered gas-iilled electric lamps Fear light- 
ve.-sfcis P'.ted wi’’}: such electric lights and dioptric apparatus 
were 'n service on Erg’lsb sutsons :n ^geS 
__ An expenmenial electnc-hght inscalldcloxt on board a .Mersey 
Ikht'VesitI m proved unsuccessful 
Fcg sisnaLs, where prorided on modem hgiit-ves.-eis. are gen- 
erally tn tte form of sirens or dtaphones worked fay compiled 
air The compressors are dna-er. by sfssro or oil engines in the 
Older instaliari'jiiS and by semi-diesel engines m the more medem 
vesseo 

Uflattended liglit-vfflsels.— In rgsr an unattended Hghi- 
vesscl il^uffiinctcd fay Pintsch's oil-gas was constructed for the 
Clyde Tne ;%he was occulting and the vessel carried a gas-holder 
ccnsosnirg £ .'Upply of gas under a pressure of sLr atmospheres 
scfficifccf to_maintaia_the light for three months. Beils are often 
acted on this class cr bgfcc-vessei, the clappers being swung by 
pf the sbp or n'orled by a gas-operated maebne 
ihs improvements mads sn recent years in the design and 
cocstraction of nnwaiched lights and th-’ir proved rehabjiitv have 
made it possible for many attended hghc-ships in positions of 
secondary' impcnance to be replaced by ur.watched ves&eh Large 
e.ctMTies, fcctn in the cost of construction and of maintenance 
have^tnereby been ejected These unattended vessels range m 
siae irem small boats to large vessels and are fitted W'jth dioptnc 
apparatus a.nd acetylene or Biau-gas lightjag 

ComiDtsaicationi Betwreen Light-vessels and the Shore. 

As far back as iSS5 esperiments were instituted at tbe Sunk, 
ligbt-vessel as Ihs coast of Essex, with the object of providing 
relepnomc commieucsfiOR met the shore by means of a sub- 
narme cable. In spite of great dhSculties experienced in main- 
5 ^^ cables j^everal hght-ve&sels were yitinjately equipped 
With .ms meaiu of commurikation, and cables were also laid to 
mraj' pile Sgathouses and isolated rock and isiaad stations Wire- 
feiS telephcne instaJlatioris have now frpeg) superseded all the 
cable coEitmtinicaUons with hgbt-vessels 

BISTBSCIIOIf ASB BISXSIBBTIOS- OF LIGHTS. BTC. 

The fo.lowirtg are tbe various light characteristics which mav 
he exhibited to the mariner:— ■ 

_ Fisj—Skowing a continuoas or steady iight Seldom used 
ST. modem i^hthon^ and genersl'y resirictcd to small port or 
ughts A used ught is liable to be confused with hshts 
0 ^ snipping or neighbouring shore fights ' " 

Fihs&g ‘—Showing a single flash the duration of darlmes= 

"-For the poises of the manner a light is classed 2 .s fla^hino- or 
tsifuffijig solelj accorhne to the dutatian of Jiaht and vkrtfr>P 4 .-’s.».u 
^ thout XUS' tetoe to the app^mtos mpK® Th? hS 
stews uv d feted ap^rate, m which the Ikht source 
eAp 53 d but yet the period of darteeas r 5 - 

iS clatstd Is the .Admiralty List o,f i»f Jtfr as a '‘feashing" light ^ ’ 


w . be.r.g greater than thai 01 light This characteristic or 
tnsr jmmedimeiy following is generally adopted for important 
lights The Fre.nch authorities have giten the name Peia-Sclair 
. to dashing lights of short duration 

G'-cup-jlashiH^ — ShoW5ng group' of two or more flashes in 
' puick succession separated by short eclipses With a larger interval 
, of darkness between tbe groups 

Fixed end Flctshin^ — ^F'lved light varied by a single flash, w'hich 
I may be preceded and followed by a short echpse This type of 
light, m conseqaerce of the uneqaal intensities of the beams i-; 
imre'Infale 

Fired Croup-faskmg — Similar to the preceding and open 

to the same objections 

Occuldni — cor.tintrous light eclipsed at regniax internals 
the din-alion of light bebg equal to or greater than that of dark- 
ness 

Group Occulting—h continuous light with groups of two or 
more occuitations 

Alternating — ^Lights hating any of the foregoing charactens- 
tics and which alter in colour are indicated by the addition of the 
word ''akemating'’ to the appropriate description When used 
alone in describing a light the word indicates two distinct colours 
alternating without any intervening eclipse Alternating lights are 
j not to be recommended for reasons which have already been 
i referred to 

j Colour — The colours usually adopted for fights are red and 
I green A white light is to be preferred whenever possible owing 
[ to the great absorption of light by the use of red or green glass 
! screens, 

! Sectors— Where coloured lights are employed to distinguish 
cuts or sectors, they should he shown from apparatus of fixed sec- 
tion and not from revolving apparatus In marking the passage 
through a channel, or between sandbanks or other dangers, col- 
oured-hgfat sectors are arranged to cover the dangers, wbite’fight 
being shown over the fairway with sufficient margin of safety be- 
tween the edges of the coloured sectors next the fairway and the 
dangers 

Choice of Charactetistic and Description of Apparatus.— 
la determining the choice of characteristic for a light, due regard 
must be paid to existing lights in tbe vicinity No light shaula be 
nlaced on a coast hne hamng 3 characteristic the same as, or simi- 
lar to another in its neighoourhood unless one or more lights of 
AssimiJar characteristic and at least as high power and range 
in^nene In tbe case of landfall lights the characteristic should 
differ^ from any other within a range of 100 ai In narrow seas 
Che (hstance between lights of similar chaiactenstic may be less 
Limdiali lights are the most imporiant of all and the most powei- 
ful apparatus available should be installed at such stations The 
distinctive characteristic of a hght should be such that if may 
readily be recognized by a mariner without the necessity of ac- 
curately timing the period or duration of Sashes For landfall and 
OLher important coast stations Sashing dioptric-apparatus of the 
ursc-order (920 irun focal distance^ or its cqaKalcnt in power 
with powerful burners are required In countries where the at- 
mosplrere is ^neraOy clear and togs are Jess prevalent than on 
'• ii Britain second- or third-order lights suffice for land- 

Tsds, hdnng regard to the high intensities available by the use 
of improved illuininants Secondary coast lights may be of sec- 
oncF, tfera- or fourth-order of flashing character, and important 
arbour ugnss of third- or fourth-order Less important harbours 
and plutes where considerable range is not required, as in estu- 
ariK and narrow seas, may be hghted by flashing lights of fourth- 
Older or smailer size Miliere sectors are requisite, occulting ap- 
paratus should be adapted for the main light or subsidiary lights, 
fixed w occulting, may be exhibited from the same tower as the 
main fight but at a lower level In such ca.'es the vertical distance 
between the high and che low fight must be sufficient to avoid 
commmgiing^of the two beams at any range at which both fights 
SS-rration commingling or blending is due to atmospheric 

rsnge of a light depends first on its 
elevation above sea lose! and Bccondly on it* inteaos ty Mont 
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ire 0 UEEi en power to render h nt t bie a 
aph ca ran^e ji c ear ea be On be o her hand 
harbour and o h.r Lgiiis which do not rrcet this 

s from niuch lights are visFoIe, given in hsts of 
n the cases oi lights of low power for the reason 
re usualiy caiailated m nautical miies as seen from 
i above sea-level, the elevation of the Jighis being 
high water Under certain atraosphenc conohions, 
with the more powerful lights, the glare of the 
ion from the clouds) may be visible considerably 
ulated range 

Tabm III 

WHICH OSJECTS C4H sr SEEN AT Sea, iCCCRWHG 10 
C EleV \TI0\S wn THE EIEV ArlOV OF TEE BYT OF rHS 

lA SrEtErsoni 


Diatacces in 


Heights in 1 

Distances m , 

nautical miles 

■5 

teet 

; nautical miles 

2-365 

1 

1-50 ! 

' 12 56 i 

3 6;S 

1 

X50 j 

14 os i 

4 443 


ioo \ 

ID •*;? 

S 130 

11 

"50 ^ 

iS 14 ; 

6 aSv 

1 

300 j 

ig Sf i 

7 25s 

|, 

„oo j 

12 Q4 

S in 

\ 


25*65 

K SS6 


, 

6 ao ! 

28-10 

0-508 

I 

;oo j 

Soo 1 

1 50 rS 

10-26 

i 

32-45 

11*47 

QOO \ 

i 5A54 



1000 ' 

' 3 <i 2S 1 


light 200 ft hia:h will be vis.ble 4J 50 nautical miles to 
jse eye is elevated 3c ft aboie the water, thus, from 

jlevation, distance vistbie 0 sS nautical mi’es 

j? 17 3 au ,, , 

St* 7* 73 

if Lights — The elevation of the h'ghc above sea- 
in the case of landfall lights, exceed 200 ft,, which 

IV e a range of over 20 nautical miles One hundred 
s usually suffitient for coast lights Lights placed 
ids are liable to fae enveloped in banls of fog at 
I lower level the atmosphere is comparatively clear 
eacby Head hghtl No definite rale can, however, 
id local circumsTances such as configuration of the 

be taken into consideration in every ase 
ite. — ^Landfall stat'ons should receive first consid- 
; choice of location for such a light ought never 
bsement to the hghung of the approaches to a 
y lights are available tor the latter purpose Lights 
ard shoals, reefs or other dangers should when 
placed seaw^ard of the danger itself as it 15 desir- 
;rs should be able to “make' the hght with ronfi- 
marbng dangers seaward of the light should not 
veept when the danger is m the near vicinity of 
>nng Clangers require marking by a light placed on 

V a floating light in its ncmiti- 

LIGBTED BUOYS 

gas was first used for a light earned on a buoy ia 
iraatic occulter, worked by the gas passing from 
the burner, was introduced in 1S83. The majority 
jt by oil-gas are fitted with multiple-jet or Argand 
candescent mantles are also employed Ordinary 
largely superseded by other forms of gas illumina- 
) Gas buoy-lights are usually provided with suffi- 
pacity to run the hght unattended for three months 
lanterns used for all forms of buoy lighting are 
vith cylindrical dioptric lenses of fixed-light section 
S75 mm diameter. Some- of the largest types of gas 
ve an elevation from water level to the focal plane 
and a beam intensity of more than i,ooc candle- 
loy placed st the entrance to the Gironde in ip07 
a to the focal plane of 34 feet Spar buoys may he 


leap ed or ua on here s ror^ t.de^, o. currents prevail 
A^Si-ylene Gas Buoys — .Although some espenrcental work was 
done as early as iSgfi, acet>kn.e gas was first regularly ussed 
for buoy lighting early m the 2nth century when automatic water- 
co-carhide generators were eapiojed sn Canada for producing the 
gas, the gerjerators being placed in the body of the buoy This sys- 
tem never gave entirely satisfactory results and its use is attended 
by danger of explosion. It has almost every tvhere been superseded 
by the dtssoiveo acetylene system first applied to buoy lighting in 
Sweden The normal acetylene buoy equipment maintains the Lghi 
without recharging up to i: mon'hs (% 15) 

Electnc Buoy:, — Buoys have beer fitted with electric hght both 
fixed and occulting Six spar buoys w ere laid down in the Gedney 
channel, New York Lower Bay. in iSSS The wear and tear of the 
cables, by which current was sunpbed from a shore station caused 
considerable trouble and expense and the lights were replaced by 
gas-lighted apparatus in 1904 Electric buoyc -were also used e.tten- 
sively in Germany early in the present century but in 1909, 
very few it any, examples of this method of buoy lighting remain 
in service 

BdlandlVkistlingBiioys — Bells or whistles are frequently fitted 
to gas buoys as well as to unllghied marking buoys An acetylene 
lighted whistle-buoy is illustrated in fig rj Submarine bells hav’^e 
also been fitted to buoys but their functioning ir such positions is 
unreliable 

AERIAL LIGHTS 

Light signals are needed by air craft in night flying, just as they 
are required by the mariner Aw craft travel in three dimenaons 
and also at higher velocities than a ship. Light signals for the 

guidance of an airman mus: 
therexore be at short intervals 
and must be visible from the 
hongon up to the zenith. One 
form of optical apparatus for an 
aerial lighthouse compnses a 
lower section similar to the por- 
tion helow the focal plane of a 
raarme revohang light, above 
this is a section of a fixed-light 
optic with its a.xis horizontal in- 
stead of vertical as in a marine 
fixed-light The lower revolving 
lens emits a high-power beam of 
light of smaU angle with its axis 
just above the honzontat while 
the upper segment throws a nar- 
row band of light of lower power 
from the horizontal to the verti- 
cal Although an airnaan would 
pick up the mam beam emitted 
by such an apparatus at say 30 
tn . he would be above it (if fly- 
ing at a height of about 6,000 
ft ) when at a distance of about 
20 m. and not near enough co 
pick up the weaker beam To 
compensate for this the lower 
leas and the iJluminant are 
made of such dimensions and 
power that the mam beam, is 
stronger chan is actually required 
in the direction of its axis and a 
t portion of the rays from this beam is bent upwards by means of re- 
I fractiag prisms placed in front of the panel, thus reinforcing the 
j light in the direction where additional power is required (fig 16) 

! The effect of this adjustment is shown by the range curve The 
' optical apparatuses rotated on a mercury float or on bali bearings 
' as in a marine lighthouse 

i In some aenal apparatus as at Cranbrook (Kent), reSect4ng 
I mirrors are used as well as refractors in front of the lower part 
i of the lens, and refracting prisms are employed instead of the 
, fixed-hght lens in the upper part of the apparatus 
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FtG !e —JEST cA- secT'C'i o~ a panel of an optjc cos an aerfal ’ 

LiSrirpCJSE ^*<3 TKE PELATli'E PAKGE-CUHVE j 

ut ;.gh; srrj'ap!- oi tour Tut uesiboase 3; Mou: Valeneri. ftevo: ' 
Par.s f :o-'o is pravded vM'th catcptnc projccrori of gildec aeial, ! 
* "xrihr. cf the ser'ea o* mi-rors be.ng arraaged to direct the bght \ 
riVs in c!jre,.iions bcc^eosi the aiArgms of the maB beanis acd the [ 
reiltb. The electric arc is also employed in this case. At Le Bou’'- 1 
ge: a rounh-ocder aioptric apparjCus is instaliea with a gas-filled 
eisctr.c lamp of dcoo cp. ui fucjs Lcntems coataiiong the } 
app'*rat„s of aerial fight ii,ve g’aaed routs as wel! as the side 1 
g'aacg h Dianne lighthouses ' 

Xeon tubes emitung a red ij|h: nave been used at the Croydon 
serodrcme since t!>;a for tae guidance of airmen m fog because 
of the Urge percentage of red rays which nave a higher powct of 
ppp-ctrution in fog The C.-0}.dos beacon rs of 13.500 c p and con- 
iiiti of clttsfer> of Xeon tubes. i& ft long, without lense* or re- 
itect ar- of any description, A dashing cbaractenst.c is given to the 
^■itcai !?)’ interruDting tfte current Many of tnese Imaps are m use 
JO the United States, Germany and France. It is doubtful whether 
the XrOJi tube under fog cunditions is superior to other methods 
of serial hgkmc bj meaiis of wificn beams— both w'hite and red— - 
of much h,gher total incensKj can be projected. 

In Great Briaio ar.c France the guiding principie of airways 
nghpag IS fin lorgi to provide powerful lights at comparatively 
-ong distauces apart wHch can be picked up by aiimen si Jong 
nrge dvir.g either Jow down or at comparativeij high altitudes 
In the United States and in Germany the practice is to lay a series 
of cempantive-v low-power lamps at short intervals along the, air 
route tee 'iirmeu being expected to follow the I'ne marked out 

FOG-SieifALS 

The xirodurliOE o: coast fog-signals is of comparatively recent 
(iite Taey w'ere unnl the middle oi the igtb cenfury, piacdcaily 
taGmuwH except so tar as a few isolated hells and guns were con- 
cerned ir. times of fog the mariner can expect aa certain assis- 
tance ^rom seen the most efficient system of coast lighting, since 
beams of h^t of high power are frequently entirely dispersed and 
aoso-rbed by the icicles of moisture, forming a sea fog of even 
mwieraie density at rehtively' short distances from the shore The 
cnmful esperinjents and scieitific research which have been de- 
itfted to tbs sebiect of nerisl-acousiic icg-signaliing have produced 
much that is usefal and I'alusble to the manner, but unfortunately 
the j^scnca. results thus fail obtnmsd have not been so satisfactorv 
as raigiii he desired owing to (i 1 the veny stiort range of the most 
powertid a-iirnak yet produced unaer certain unfavourable acoustic 
ca®fitI®Eis of the atmo.^^rere, (;') the difficulty espenenced by the 
madaer in ijdgir.| at sav time how far the atmosphetic condi- 
are ecainsc bsm^ia iisteaisg for the eitpected ygnal, and (3> 
ite dstacuhy in socating the positiiffl: of a sound signal by phonic 
vt^naticns The future of mnne fog signalliag may fe m the 


r 01 but i; is unlikely that aioustic signals 

n.fi ce dispensed wi:h even if reduced in number. 

Bolls and C-ongs sre cte oldest and generaiiy speaking, the 
least efficient forms cf fag signals Under very favojrabie acousPc 
■ contu'ions the sounds are audible at considerable ranges. On the 
oiiitr hone c-ton beib have been inaudible at distances of a few 
. haiared i ards Bolls are frequently used for beacon and buoy 
signals iGen employed in conjunction with a lighted beacon they 
I are sometimes rang mechanicady either by clockwork or by com- 
‘ presotd CO; gas Electric striking mechanism has also been em- 
ployed where current is available 

Explosive Signals. — Guns were long used at many iight- 
hoase and .ight-iesse. stations m Great Britain, and are still found 
at some foreign stations In 1S78 sound rockets charged with gun- 
cotton were first empioy^ed at Flamborougii Head and were after- 
wardi supplied to many othei stations * The nitrated gun-cotton. 
Dr ionite signals now' in general use at rock and other lighthouses 
where accommodation is limited are hung at the end of an iron jib 
or pole attached to the katem or other structure, and fired by 
means of a detonator and electric battery An example will be 
noticed m the illustration of the Bishop rock lighthouse, the jib 
being attached to the lantern ifig 4) Sometimes the explosive is 
combined with alumimum in the charge to give a brilliant flash in 
addition to the detonation 

The acetylene feg-gun is an automatic or semi-automatic signal 
in whicn z muxture of air and acetylene is exploded at short inter- 
vals in a gun chamber It is economiral in w'orking cost and occu- 
pies little space, but its power cannot be compared with that of 
a compressed-air siren The admission of air and acetylene is 
coniroUed by an automatic gaS-valve and the charge is fired by a 
spark Signals can be sounded as frequently as every ten seconds 

An acetylene gun wws estabhshed at the dG Heartach rock 
lighthouse Cwest coast of Scotland J in 1512 The gun continues in 
action without attention from the time when it is started until it is 
stopped oy the keeper The gas is generated automatically on the 
carbide-to-water principle. On the Clyde there are two isolated 
beacon structures which are equipped with automatic guns started 
and stopped by wnreless control from Gourock pier. Several other 
statioiis in Scotland and elsewhere are provided with these guns 
_ Whistles and Reed Horns.— Whistles, whether sounded by 
air or steam, are not used in Great Britain although they are still 
employed aa fog signals m the United States, Canada and Sweden 
It has been objected that their sound bears too great a resem- 
blance to steamers’ w’histles; and they are "Kastefitl of power 

Reed horns, m their original form, were the invention of 
C L. Uanoll, aa expenmenul one, of his manufacture, being tried 
m iSyr by the United States Lighthouse Board, The reed horn 
w^ adopted by Trinity House in XS62 after being improved by 
Holmes and many examples from his designs are now in. 
use at secondary' stations m Eritam and America Normally they 
^ are sounded at a pressure of 15 lb per m with air furnished by 
I power-driven compressors, sertu-diesel engines being commonly 
used m modern installations MTien operated by hand the work- 
ing pressure is 5 lb per square inch, 

^Swens and Uiaphones.— -These are considered to be the most 
efficient aerial sound-signals nhich can be obtained for lighthouse 
purposes (See also Atr Oscillator under Lighthouses. United 
States ) One or other of them is usually employed when first- 
class signals are required and space is available for the accoin- 
modatioB of the necessary plant Both are compressed-air in- 
strumente, but differ somewhat in operation The diaphone, in 
its modeni fom the more powerful instrument, was invented 
m Canada by J P Northey, about 1903, and consists of a piston 
recjprorating la a cj-lmder. around both of which are cut circum- 
UTential slots or ports The piston is fitted with an operating 
head to which air is admitted, first on one side and then on the 
oAer, for ^ving to it the reciprocating motion. As the slots m 
the two uruts pass and repass one another air is being admitted 
through tneiK to_ produce the mpulses or sound waves, and upon 
the nuKiDer ot times these ports open and close each second de- 

in Baperseded b> a (hm fog 5 gnat 
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pe'id the note In the case oi the r n he ps on ol e n coc a o s ran au sior rocti LgD. s.a -o-^. pjowde a means b} 
be olfflde nstead of ha g a rec procat Eg r o oa but o he ■which a naiigator may obtain a airecc bearing on the um^milzing 

etheprin pie oi a r adtu bs on . the aame in both instrumenti.- atalion They are of three tjpes (u u. stationary Tvirekas- 

Ea^h J5 mied V'lth a trumpet-horn or resonator and the working , oeacoo iransaistier from which a cfaatacierisUc agnal is sent out 
air-prcssure is 30 lb, per sqm. for the diaphone and 2$ lb per in all directions so that it can be picked up by a ship fiitea 
sqm. for the siren The diaphonc note is usually abouc itJo with a direction-finder or wireless-compassd 1.2^1 a rotating shor- 
vibrations per sec. or F sharp in the tenor cler‘ it terminates mtb Race direcuonii wirelsss-beasi transnxitcer, which sends out a 
a quick descending note termed the "grunt ‘ at the end of each different characteristic signal on all paintr- of the compass as it 
blast This grant is a valuable distmctiv'e feature as it can some- { revolres, these signals are received on a speaal aerial, and as the 
times be heard when the remainder <51 the Signal is inaudible | wireless beam ts curectioisal and as each signal represeacs a definite 

To provide the ait for these instruments compressirig machiU' | bearing, the particular signs! beard gives the bearing of the ship 
ery and large capacity air storage receivers are required In recent | from the station, (31a rotating wirdass- 2 oop transmitter which 
Trmity House installations two instruments with their a'res ap- j iS revolved at a pre-arianged constant speed and sends out oa 
pro-Vimately rao” apart hormontal’y are fitted for distributing ; north and east zero points a charactensTc signal, iollovved, dor- 
the sound over a wide arc In the diaphone Instollstions at Fiairt- ■ mg the remainder of its revolution hy a continuous dash The 
borough, Hartland and Skernes 1.190;^) the mouths of the two j bearing :n this case is taken by means of a siop-watch, m con- 
trumpets are placed on a comirLon vertical a-vis with their centres janction with an ordinary wireless receiver, and is ofatainod by 
half a wave-length apart, to give effect to the theoiy' propo onded 1 noting the time which elapses between the hearing of one or other 
by the third Lord Rayleigh that vertical dispersion of sound was • of the zero-point signals and the total estmction of the continuous 
bv this means avoided A similar arrangement has also been j dash As the loop makes so many rev'Qlutions in a definite 
introduced at some French stations, period the deter.Tiinat2on of the bearing is merely a matter of 

The siren in a primitive form was invented by John Robison , computation between the speed of rotation and the time recorded 

(1739-1805) Cagniard de la Tour evolved the di'ic form and by the stop-watch. 

gave it the name of siren. The first steam, siren was patented j (ij {JVei«sr- 5 eacoM — ^Each si'stsm has its particular merits 
bj BroW'd 01 New York The cylindrical form, and the centrifugal but the first, that is, the beacon station is probably the most 
governor now commonly used are due to G H. Shght. j effective of the three. It is comparatively cheap to install and 

Niutophoaes, — A form of aenal-acousdc instrument called the ^ easy to roamtam, while the svsfem is applicable either on shore 
Nautophone has recently been devised which consists of an l or on hoard a bght-vessel Moreover, this form of wireless 
electrically wbrated diaphragm sounding a high note in its pres- fog-signai necessitates a ship being fitied uiih 3 direction-finder 
ent state of development (1929) it compares, as regards intensity, ; which enables a bearing to be obtained not only of the beacon- 
wich a reed horn ^ | station bm also of other ships at sea during fog ; or. as has fre- 

Suhinnrlae Bell aad Oscillator Signals — ^.\s early as 1841 ' quently been proved with advantage, of a ship m distress. When 
J D Colladon conducted experiments on liie lake of Geneva ' the wireless-signal is combined with a submarine-signal and made 
lo test the suitability of ivater as a medium for transmission of | to svnehronize with it, distance from, as well as direction of, the 
sound-signals and was able to convey distinctly audible sounds j station can be obtained 

through water for a distance of over 21 m , but it was not until | A beacon-station of this tj-pe was estafahsfaed at Round is'and 
1904 chat any successful practical application of this means of | in the Scidy islands in 1927 In the beacon a simple valve 
signalling was made Submerged bells are used principally in } transmitter of i kw power generating interrupted continuous 
connection with light-''essels and are struck by clappers actuated j waves is employed working on an open twin L aerial. The wave- 
by pneumatic or electrical mechanism. They have also been fitted j length is 1 000 metre',. Good bearings are obtainable from it at 
to buoys and beacon structures, aad placed on the sea bed In a distance of over loo m The -whole equipment is automactcaily 
the first case the bell is actuated by the motion of the buoy and controlled, even to the replacement of transmitting valves in 
in the others by eketne current, transmitted by cabie from the case of failure, by a master-dock, which sends out signals every 
shore half hour by Greenwich mean time During foggj' weather che 

The oscillator or electra-magnetic submarine fog-signiu is time interval is reduced. Little auention is required and it has 
actuated electrically from the lightship to which it is attached been found practicable to run the station without addition to 
or from the light station with ■which it is connected The instru- the lighthouse statt Similar signals w'cre established m igcS at 
ment which came into use during the World War, comprises a 13 other British stations, including two hght-vesseJs and others 
ribrsting diaphragm, of large dimensions and its principle of weie in course of erection Wireless fog-signals of the saiTie 
operation is similar to the working of a telephone. It sends out a 1 general type have been installed by other lighthouse services 
high note to which can be given a charactenstic code notation. ! notably those of the United States (where 57 stations were in 
The instrument has been fitted in several light-vessels m Euro- operation in igtS) Holland, France, Sweden and Canada. An 
peanand Araericjn nateis. The underwater range of the osciiJntor expenmental station was established in France in. igis but tie 
has been knotvn to exceed 50 m. as compared with 10 m for first permanent wireless fog-signals -R'ere pat mto sendee in the 
the bell, United States in tgii on light -vessels in the approaches to New 

To take full advanisge of the signals thus provided it is neces- York harbour 
sary for ships approaching them to he fitted with special receiv- (2) Rotatin^-beam — A wireless fog-signal in the class of the 
ing microphones installed below the water line and in contact second type has been established at Inchkeith m the Firth of 
With the hull plating The signals are audible by the aid of Forth (1923), It works on a 6-r-metre wave-length and though 
ear-pieces similar to ordinary telephone receivers Not only can the receiving apparatus is simple and inexpensive, the tmns- 
they be heard at considerable distances and in all conditions of mitter in its present state of devdopment has disadvantages in 
weather, but their direction m reference to the mowng ship can that the range is small, and a large rotating structure is re- 
be determined apprmdmaiety. IkTien they are established in quired for producing the beam In addition, as the. bearings 
conjuaction with a -wirekss-beacon fog-signal and when the must be given relative to 3 iked zero, the system is mapplieabk 
acoustic and radio-signals are made to synchronize as at the for use on a fight- vessel 

Nantucket Shoals light-vesse! (USA,), they provide in com- (3) Roiaimg 4 oDp . — ^The third system, which was developed 
biaation a valuable means of detemiimng distance by observing by the Royal Air Force, possesses an advantage in that an or- 
the interval of time between the reception of the two signals dinary reedving apparatus and stop-watch only are required 
(see beloTv) for taking hearings, but the power employed is over ten times 

Wireless Fog Signals.— Wireless fog signals,' efesigned for that of the beacon-transmitter for less range, while the cost is 
'Other delations M Ps^nsnais, Wirdess greater The cost of maintenance too is high, as 

Ivttcons and, in France, Ra-dtopbmes 'Svnonyins are: — iE&dfii-cPWjtessi and 
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th/s tjpe a; statiga Bute to be caret miv seJertec i/Jee ihe sec- 
iGO sj'stera i: caranot be appjed or. a iighfsh’p bevaase ot the 
necessity u; hatiac fhred 2ero-po.r.t5 Loop stations have been 
es'aliished estsriintataiiy al Gosport arci Farrnorough and 
t.'rtl;-”' trials cf tbs s\ stem are bving carded out at Orfordness. 

’i^irelssj fog-signaU-ng and pcstUon-findiOg are (X929,' still m 
tre state of active experiment and development^ liey are 
undo'uhtediv destined to be one of the most smpor^aivt naviga- 
ticnai iids in the future Tne desideratum appears to be a system, 
applicable to stacior.^ both ashore and adoat. which employs a 
wireless sigral whois bearins .s qiiicidy and .dtrectly ascertam- 
abie by the navigator bmseif and which, when combmed with 
subraartaa acoustic-signals, can be used for ascertaimng distance. 

LIGEXHOtrSE AlfJSIIflSTRAXIOS 
The principal countrie- of the world possess otganized and 
-tnlr-l auihcnt.es responsible for the installation and maintenance 
of coast lights anu fog-sigaais buoys and beacons 
British Mas. — In England Trinity House is the general iight- 
r.ouse authority The Corporation of Tniiitj House, or accord- 
Jrg to^ its criginJ charter, "The ilaster Wardens and Ass'st- 
snU Oi the Gtulc! Fraternity or Brotherhood of the most glorious 
end undivided Tcisuv and of St Clement, m the Parish of Dept- 
ford Strond, la the county ot Kent,'’ existed ic the reign of Henry 
\TI, as 2 rehgioas house with certain dudes connected witn 
pnotoge, and was incorporated during the reiga of Henry TUI 
In 15 is h was given certain rghs *0 maintain beacons, etc but 
not untii 26&C did it own any’ lighthouses Since that date it 
has giaimhy pmehased most of the anaent privately-owned 
lEgEthooses and has erected many new ones. The act of iSyd 
save the corpemtion control of English coast-Hghts with certain 
sHpcrvjsory powers ov'er the numerems local lighting authorities 
iwltiding the Irish and Scoiiish boards The corporation now 
consists of a Master. Depoty-tnaster and 22 Elder Brethren Den ' 
of whom are honorary), together with an unlimited number of 
loimgsr Brethren who, however perforin, no execn^ive dudes 
la Scotland and the Isle of Man the lights are under the control 
0/ the comiEissioners of norihem lighthouses, constituted in ^ -So 
ad mcorporaied in 1798. The lighting of the Irish coast is in 
fne canQs of the commissioners of Irish lights formed in 1867 in ' 
sjccesitoc w the old Bwhn Ballast board The pnncbal local 
light an^otiUcs m the L'mted Kingdom are the Mersev Docks i 
and Hsrtour board and the Clyde L!gbtbou.«e trustees. The three ? 
general Behtbonse boards of the Lmted Kingdom, by the nrov! ' 
of the AfsrtTbia Art r,4 / 


sons of the Ma-csmiie hlariae Act of 1354. are subardmate to 

G 9. Putsanj, Radis Fas~S~?mid! IWasbia-fl-in 
Pr®, 1^14. and sapplewauts rep.) ais> Prsc Ir^*' £ 1 * Easir-s '’i-mc f \ 
aau Atkairaky Ikt (,/ Wtreks! igmk aoriin 7 


In the Trir.ity House service at 
there is so fog-signal there ate u 
stations four, one being ashore t 
Eiaiion there is an additional kee 
^ as a rjJe coasis: of ii men three 
j goirig on shore m rotation The 
' nance te-Tcluding repairs) of an 
I two keepers, is £477 For shore 
^ and a siren fog-signal the average 
of a rock Iignlhouse with four kee 
I is about iijjio, and an electric 
fog-signal costs about ii.ioo anni 
, of the average type with 3 po' 
England an annual e.xpendjture 01 
ic.Soc excluding the cost of peri' 

I Other Countries — The Iighft 
as the CcETtnission des Phares, d, 
in iSii, and H under the direc 
works. The chief executiv'e officei 
fonts St Chain sees who is the 1 
other engineer oi the same coq 
secreccry. The board has contro 
those of Corsica, iMgena, etc 
Italy. Sweden Norway and mai 
of marine has charge of the iigl 
Belgium the public works depar 
m Spain the lighthouse sendee r 
t'nat ot France 

In Canada the coast lighting is 
marine and in most of the other 
the pubLc W'orks departments lu' 
For the lighthouse cemce of the 

^ BiarjQGRA^-Ui — Smeaton. Rddyit 
-Jew-oire sur an muxeau JV'siemr 
Oeuof'S completes f/S-o) , R Stese 
burah, 1S14) Alan Stevenson, Shsrt 
Memotre sue I’islairti^e at le bah 
sitF T'mt/isitS ( 
mtno^reshr les plktres ekcaiqws 1 
Stevetison, hgkthouse Conjtructton 
ncs Fkarn trSfii), Edwards, Oue 
Ancient and Modern Lighthouse, 
i^ogres d’edmrdge des cSles (iSc 
Douglass (icwo) ; J F Chance. i 
Chinee figoa) ; G de Jolv and C 
times, vol i (igai)- c Ribiere, f] 
Caitolica and Luna, fan e segnal 
f w two last named' woiks contai 
bifahograpHc lists are issued perio 
national Association of Navigatio 
cseiBmgs ot tie ImPtution of Cm 
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C u se Memo oe a Soc ete de. iBgciu at C ae F an j a 
he P 0 di,!g 0 he Inte naf ona \a a on Cun c oa a n 
mar luab e papers The omc al pah atiun oi .ne Frenca Ln^hf- 
hoa e =er C 5 the Aaniiraitjf Lists of Lights, and S’lnilar issues should 
he consulted fay those special!} interested. See also Passim technical 
lo’ernsis =uch as The Engineer, EngimeeiKg, and Le Genie Citu 

IK G- G, J P. Bo) 

TEE UNITED STATES 

The first lighthouse in America, a tall masonry tower, was built 
ir. I7t6 by Massachusetts at the entrance to Boston harbour 
The anginal Colonies on the Atlantic, largely dependent on water 
traffic gate early attention to Lghthouses Congress, in 1789, 
immediately after the national government’s organizatiori, pro- 
n’ded for light'nouses and nnoys, 12 han'ng been 'emit by rhe 
colonial gocemmenis Alexander Hamilton wote the first re- 
port on lighthouses in 1790 In 1S52 Congress estabbshed the 
Lighthouse Board, substituting for it in 1910 the Lighthouse Serv- 
ice 

The problems of lighthouse construction are similar evety where 
in the world, but the Great Lakes and north Atlantic ice action, 
SDUthem coast hurricanes, and some earthquake areas need par- 
ticular attention This country has about 30 important lighthouses 
on submarine or unusually exposed sites, some involving difficult 
engineering, only a few o'' these ate -wave-swept hghthouses of 
primary significance The following are imporiant or tr-pica! wave- 
swept U S lighthouses- 

Mtnots Ledge fiSbo), south of Boston harbour, the most nota- 
ble, binlt on a reef, bare only at low water, expo,=ed to the 
Atlantic’s sv-eep, its construction lasted over 5 years Steps were 
cut to receive the foundaaon The conical-shaped tower 35 of 
granite, the first 40 ft solid, base 30 ft. diameter, the Kght elevated 
S5 ft The stones are dove-tailed In each course, connected %'erti- 
cally by bonding bolts, and eight long iron posts pass through the 
lower courses into holes in the ledge. 

White Shed (1910), marking a shoal in northern Lake Michi- 
gan. A timber crib yj ft square to-wed to the site, filled with 
stone, was sunk in 2-2 feet of water; this supports concrete pier, 
tower and light 123 feet above water Martin Reef (1927), 
northern Lake Huron, has 4 similar substructure 

On the Great Lakes important structures on subafurtne founda- 
tions mark shoals, usually replacing the original lightships. Tim- 
ber cnb foundations, economical, satisfactory in fresh water, are 
favoured Other tj-pes are' Concrete caissons toned to site, sunk 
on bottoms previously levelled, and filled with stone, i e., Lansing 
Shoal tiqaS), Lake Michigan, Spectacle Reef (1S74), Lake 
Huron and Stannard Rock (1SS2), Lake Superior have coSer-dams 
in protecting piers, the former for a stone tower on rock, the 
latter for a wrought iron cylinder foundation pier fitted to rock 
and concrete-filled 

Sabme Bank (1906), marking a sand hank about 14 -m off the 
GuJf coast, 15 a cast iron to-wer and substructure, standing in 18 
feet of water. The iron caisson -was towed to the site and sunk 
2Q ft. in sand by pneumatic process, the only U S lighthouse foun- 
dation so placed in the open sea. There are others in protected 
waters 

Pacific Reef (rgar), marking the outer edge of coral reefs off 
the Florida southern coast. It is supported by nine iron piles, 
each dnven 9 ft into the coral reef, the piles pass through, and 
are partially supported by, iron discs 4 ft in diameter resting on 
the coral surface In 7 ft of water, it supports an iron open work 
structure Although only an automatic acetylene fight, 45 ft high, 
It illustrates recent practice, at moderate cost Six other lights 
along the Floridd reefs, on similar foundations, are notable struc- 
tures, the tallest being Sombrero Key (iSgS), 160 feet 

Tillamook Rock (1881), a stone structure on a small rock 
islet I m off the Pacific coast, south of the Columbia river’s 
mouth, the most notable lighthouse on the United States -western 
coast due to its position on extremely exposed rock, in deep water 
and open to the Padfic sweep Landing is impossible directly on 
the rock, and can be made only by hoisting from a boat Seas 
break sometimes over the lantern 145 ft elevation St George 
Reef fiSgi J off the California coast is in a similarly difficult 


po nop 

il-ny agrthouses in water were bunt on screw'-pile foundaPons, 
but none recently one, Snnd Key Light (1S53J, Florida, is 120 
i ft higtt Of many handsome masonrj' ughchousss along die coast 
i especially the low-lying Atlantic seaboard, Cape Eatterai is tae 
I highest, 153 feet Reinforced concrete has been extensively 
' used recently to construct fight towers, wharves and buildings 
; The most notable is Xa-oassa Island Light (1917), on a desert 
tVcit Indian island, tower i6a ft , cyL'ncnral shaft 13 ft diamete’- 
, Another primarj’ light of reinforced concrete is kilunea Pok'i 
I (tptj i, Hawmian islands; tower 52 ft, high on a cliff 
, Apparatus, Uluminaats and Characteristics of Amencaci 
' hghts are similar to standard -world practice, but ha’, e some di- 
j tergmg ffevelopir ents Corcentratnsg kght by using raoidiy re- 
ruKing lenses with few- pa.nels, and s-apenor ilinminants. give 
j beams of sufficient power with smaller lenses, no lenses larger 
I than third order (500 mm , jo in radius ) have been -’’nstaJled since 
! X913, numerous large lenses hnv-e been, replaced by more efficient 
j optical apparatus 

The primary light standard has been mcanoescenc kerosene o:l 
I vapour lamps; but eiecirsc incandescent lamps are used if com- 
I merciai current is available, or generation at the station oiherwise 
required Incandescent electricity is most satisfactory because 
! of its power, convenience and adaptabihty Its use increases 
j where it is economically obiained It is efficient to electrifj' 
certain stations for illammant. operating sound fog signal and 
radio-beacon, and lighting buddings Electricity is verv- conveni- 
ent for signals controlled remotely as those nerr jetty ends 
Small plants or primary cells generate electric energy^ for minor 
hg'nts The principal difficulty in putting incandescent electric 
lamps in old lenses is the too concentrated light source, and in- 
suffiaenc divergence of beam, thts is being overcome by vanoav 
methods. 

Acetylene gas compressed in cyhnders is increasingly used for 
unwatched or setni-watched lights of medium importance There 
are few retnaimtig oil gas fights, or lights using acetylene gen- 
erated at the station Acetylene under incandescent mantles 
or more elaborate acetylene apparatus is not asea Electric and 
dissolved acetylene equipment has advanced automatic apparatus 
instailalion and conversion to unattended stations. About 4?*'^. 
of lights, including buoys and etdading rivers, are now auto- 
matic Automatic apparatus extends lighthouse facilities to 
remote regions hke .Alaska 

Distinguishing principal coast hghts by dashing or occulting 
charactenstics, and eliminating fixed lights, progresses steadily 
Characteristics are simple, quickly and easily recognised -ndthout 
timing. Preferred limitations are: that a single important light 
Sash be not less than 03 sec in duration, a minor ligbt not less 
than o-r sec , that the characteristic be repeated preferably twice 
a minute, and one ligfif of a range, or two lights m line, be fixed 
Colour is valuable in distinguishmg but illumination is reduced 
zo about 30% — serious dra-tiback Red and green are used for 
secondary lights 

XJniforaaity of Navigation Aids— The United Scams has 
long had a fairly .staadardized system to sho-w the relation of 
navigational aids to channels, by colours, shapes and numbers, 
this system hanng m part been prescribed by larv in 1830 Inter- 
naticnal uniformity in buoyage and hghts would add safety and 
convenience 1-0 navigation Limited butlmportant action on ihi.s 
at the International Marine Conference, Washington, xSSg, re- 
sulted in considerable uniformity The United States sy-stem. 
based largely on the 1SS9 conference, is, for vessels coming from 
sea red buoys, conical-shaped (“nun”), even numbers, on right 
side of thatmel; cylindrical black buoys, fiat tops t“can”), odd 
aumbers on left side; borixoatal red and black-banded buoys mean 
shoals or dangers, vertical black and white stnpes show clear 
channels, with coloured lights, red on right and green on left of 
entrances or channels b-ut -white may be on either side 

Colour and shape to mark the relations of buoys to channels 
are in nearly world-wide -use; shape alone is not enough, because 
not readily applicable to important classes of buoys, such as gas 
whistle, bell and spar Moreover- experience shows that bo h 
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presDtas Xeany aii icg signal macbinerj' and apparatus is 
jrL;'a..ed rn anpncait: ior greater rei3aP-,lity 
Kadio-beacoas. — These atat^ons emit radio s,jgnals on distinc- 
Li'.e codes Atued v.:ch tbe radiocompass on shipboard, they are 
considered the most imporLcnt addition to navigational apparatui 
fnir !.".,-'.p:re= .-instraii^ ^\ev» ^-tcaijjja ; since the mariner s compass They furnish the first generally avail 
LrcLV-cn a;.=':.T. icr: charge:-* nsucs and appar,.ti;5 able means erer provided of taking accurate bearings on invisible 

r ;ic cL - s / ,is tf svciu itonfuaion. aed tc t-e objects at considerable distances The first snccestful radio 

>T _r • beacons >ere placed at three stations near New York in jgai 

:hzibzp% cr- p -tcc or rtegy cocsk, to jr-arh outstar.d-'iig , the system ha? nci" grotto in the United States and niitiying ter 
r? cr '•'C'* r’-jr.jth,.; Tht'^fi-st ras piated ii* Chesapeake ’ ntories to 55 stations, about half the number in. the world The 
tvy > t.'tu,' Fi'-ct -T^iCtercs 'r sncals, or ass baoys fct.e re- j tra'isir-itting apparatus 15 generally timed to sound one out 01 
^ xx-d 1',!:' cc.-’iic o‘ pUcea m inland waters Great Lakes . ea,.ti three Eiimites during fog or low visibility, also at certain 
oaf liLys are tins reinrgradjtjJ/ retired There ^re 46 hghtsiups ' fiaif or qoar*er hours in clear w’ea^her. Each station sends a 
srern;. :c reuef smps 0: the smticr.s jg sre a„te*Pe on - characteristic code signal differing from any other within range 
th= Afitntic and P^c.fic crests nbers ;t is impracttcabie to Guild > Signals are of interrupted continuous wave type sent with cube 
„2b*hojse=; y-t where they are cjtai to tmffic i c, Xaniocfier | transmitters, tests are being made with continuous wave signals, 
tgrvsn: r-.c'Qtcd in 30 tnmoms, 41 m front land guards shoals ^ standard wave length is 1,000 naetre? yoo kilocycle? per second) 
to tre nertj and tnos: trans-ocean vessels apprcachmg the Tinted I hue 10 lessen inrerference beeween adjacent stdiions in congested 
Stales Atirr.tic coast s^eer ter this rcssel one of the world's most I localities wave lengths have been staggered somewhat, between 
jnp^r:vit =ea-r3r-,5 A tull-powereti \eisel 133 iT Jong crew of j 952 and 1052 metre? (315 and rSs kilocyclesi A few important 
:5 i: has an o-cultmg incmdescent electric light of 3 000 candle- 1 stations ie , Naccudcec lightship, are operated with 500 watts, 
pewer, .'iteam fog r'hirits, mthti-'oed^on and symchroiu^ed sab- ! the standard power for other coast stations and on the Great 
marme cvniGior It is as oil-burning steam vessel. No 106 i Lakes is 200 watts, for inland waterways a? low as ;4 woPs 
1:923' Ore fighttcip <A'o itr. Xortn-easr End 191:6; has a| are being tried This system is eatending rapidly. If conditions 
Diesel engine and 3 ships under construction are to have Diesel- 1 f,*\our, faeanng? correct to 1° or a “ up to 200 m away are ob- 
ciettnc piooitlsion electnc^ty for lights and signals Only one rained Rotating radio-beacons have not oeeti introduced here as 
cutsice ag'atship and some bside are trithout propethng power } they can not be j^sced on lightships, the most imporunt rasfio- 

beacon stations 


Li&vtsnips moored in the sea off the Atlantic coast, eicposed to 
trupicci hurricanes and other severe stomis, receiie special atten- 
tjon as to vessel design and moorings to ensure station perma- 
nency For j ears attempts to keep hghts.hips off New York and 
L'ppa Ku-^teras faded Set ere stonns have sontetmaes torn light- 
abips from rheir mocrings Cast steel chain is being tried for 
moorings, so as to setter retain iightsmps on station. Masbrootn 
OTicnors up to 4 tens are being used 

Buoys. — The American coasts great length and intricacies re- 
quire 3 s36 bucys The mcreace in lighted Goys is a notable ad- 
iar.ee In 1925 SSS guS buoys were on station. Nearly ail lighted 
puovs use acetyiene gas compressed in tank? set in buoy packets, 
other systems and Tnantles being discoudnued Steel buoys of 
various Sires are extensively used *0 mark channels and shoals. 
Wcf»en spars are being replaced advantageously by small inex- 
peosive Steel buoys Though not verv' effective fog signak, there 
are i P3 vvhiscle and 495 'tieh buoys, some of the latter pro- 
vaded mth chisies having 4. diSerenf notes, to disliugiush from 
the behs _ All buoys and inoonngs are relieved at lea-st once a 
year, old buoys brought to depots, cleaned and repaintsd Their 
great number makes ihls aa important and lime-consumiag task. 
ii'c'e ar.ide on Bnovs ) 

Sovmd Fog Signals — Raoio-beaconis described later, are ibe 
most effec'uve tog s.gnal h'anous types of sound signals, using 
compresied air or steam I’-o employed, but their value is linuted 
dae to snort and undependable range, and the impracticahilitv of 
taking accurate bsanng on them But so far as may b^ foreseen 
sound fog signals wi2 remain indispensable The diaphone, 3 
Cznstii3.s invention is poDoiar' ibcre are sow 3r dkphones Md 
S3 sirens; both use compressed air Steam wh.scles formerly 
teed fist^asiveljn are being replaced by more efficient apparatus 
VsrioLily actuated electee sirens teed horns -and bells serve for 
minor sound signals. The United States uses no explosive fog 
sigank and but few signals {hdls) operated by hand Though 
amosuric sound fog signals wonid be of great value, there are, 
besides the heU and whistle buoys, only tj hells actuated by car- 
hem dswrice gost these &re useful where a moderate signal suffi'-es 
‘hat an E^idiiy he reached, but ara not dependable otherwise. 


The abov'e system with the radm compass or 
board ship is the only possible general navigational system through 
radio bearings The systematic operation of radio-beacons during 
dear weather is being extended, correct bearings may be taken 
far bev'ond the range of any other aids 

Airways Lighting in' the United States ^Tlie kying out 

and marking of tml airways as pia cen in an ainvav s division and 
made a unit of the Lighthouse Service m 1926 There are 1,37s 
lights for aenal navigation, 5,877 miles of airways are lighted 
Under the chief engineer, this establishes air navigatioii iacihtrev 
on aval airwaj'a, ? a , route lights and markers for night and day 
dying on an average 10 m apart, boundary-Jighted intermediate 
iandrog fields along the routes about every jo m , for weather and 
emergency, a.ad ficibues for getting and sending weather mforma- 
xion as well as dispatch of aeroplanes. Radio direction ranges for 
aeroplane guidance in thick weather have been developed experi- 
taenially, a few are in use Two radio telephone broodcastiag 
station? for weather changes and landing conditions are m expen- 
meutal use; 12 stations are under construction Standard light 
equipment is a 24 in revolvang beacon, paraboEc mirror. 1,000 
watt electric lamp developing 2,000,000 candle-power, and au-v- 
iliary course kgfat projectors flashing code numbeis identuymg the 
beacon along the airway, and showing the course Commercial 
electric power operates the apparatus, mounted on 50 ft skeleton 
towers Duplicate gasolene engine generators in a small power- 
house at the towers foot furnish electricity if commercial power is 
unavailable. Astronomic clocks mm bghts on and oft A concrete 
mrow' showing route and mileage points the course's direction 
Boimdaiy ngnts and cone markers 300 ft apart outhne intermedi- 
ate nelffi, green range hghts mark best runways and red lights mark 
air navigdtioa obstructions An internally lighted fabnc wind cone 
on beacon towers at landing fields indicates wind direction and 
lOrce {^ee ^^wxAXiTtcs an.d Aviation } 
Adjtmnistration,-~The Lighthouse Service Department of 
Commerce, conducts IJ S lighthouses Its head is commissioner 
of lighthouses, ^ engineer in the chief professional grade of the 
ivi eryice A central office in IV ashington, with engineering 


Sttearks osaliator, a heavy steel disc suspended in the aia emit i office trained lighthouse engineer), each having an 
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V, h tops and estmg kbordtone lu lie L gh hoLSe “Service a Lou a b ud vers a iled nan, substances, ;nCijd:ng coal 
orope are S65 e’nplD>ees osly g rt^\dsnngtQa ntoea'^ajs and x lightea ks lecture room 'with gas in 179a WiPiam 
d as on 664 eraploj'^es There are 6^6 ended Lghthouses, each 1 ilurdock similarly lighted his home Phiibppe Lebon patented 
1^ ih from ^ lO ^ keepers. A Urge number oi iigbts especially on ! in 1799 the '‘tbenuo-lampe, & seif-cor-tamed apparatus lor the 
naiigahie niers are attended occaEionally The seradee has 5b j production of eas by distiiktian from "wood, coal and ^other 
tenders, small vessels to care for buoyage and transportalion oi ! aimilar souus In :Soa Murdock introduced "‘Bengal lights ’ 
supplies, about 2 a of v,nich sre sea -going, able to handle 13 xoa (flaming open burners). The firm of Boulton ano Watts spent 
sea buoys The largest tender is the ‘Cedar" (1917 j, m Alaska, large sums on CTpennients on burner* made by Murdock, who 
301 fi long, With complement of 34 persons used a tallow candle barning 173 grains per hour as the sianoaro 

The total cost of Lighthouse Service (marine; for 192S was of companson in his gas photometry. Lariy burners "were the 
$10,264,057, of which $2,465,901 was for new works repairs and "'cockspur ’ and ‘‘cockscomb ' an sdaptaticn of the Argand humer 
improvement* Average costs for that year are. primary seacoast i to gas iaiapa anc the ‘‘bat-wing burner. J B Nielson of Glasgow 
hgfct station, $5,593, nver post nght, $122; sea-going tender 1 in iSeo introduced the feh-iail burner m which two 'Impinging 
(Atlantic;, $70332, exposed lightship, $28,300, lake lightship, dames spread into a Sat, fan-shaped sheet. In 1S06 F A Wintzier, 
Sii Sii, The total appropriation for civil airways (lighting, toiri’ , a German lighted the Lyceum theatre in London, and under his 
munication and emergence’ fields; for the current fiscal year supervision, the first gas maias were laid in a public street In Pal! 
(1929; is $4,659350. Since the Lighthouse Service administers Mali Sheet lead was used, being Deni cylindrically and soldered 
ail navigadon aids in U S Territories save the Philippines and ( at the edges Wintuler la&y he called “the father of the central 


Panama canal it is a large organization. Total aids in 192S, z8 607 | 
(marine) of which 6,761 are lighted The Philippines have 405 j 
local aids, the Panama Canal 254, making a grand total for U S ( 
Territories of 19.266 (marine). j 

BiaiiOGti-tPHv, — G R Putnam, Ltghtkoasrs and Lightskifs of the 
United States (1517), ftiiiizo Fog Signalt aad ihe Radto-cotnpitss 
(1911-241, J S. Conway. Umted States Lighthouse Service (1923), 
Awijial Report of iie Commissioner oi Lighthouses fr^ro seq 1 Re- 
port of the Lighthouse Board (rSss-rgogj , D P. Heap, Anckni and 
Modern Lighthouses (1S39); A B Joinsoa, The Modern Lighthouse 
Service (1890) tG, R Ptj) I 

LIGHTING AND ARTIFICIAL ILLUMINATION, ; 

From earliest times man has endeavoured to produce artificial 
light so as to utilize more thoroughly the hours of darkness for 
the purposes of work or pleasure, ! 

HISTORICAL DEVELOPMENT 


station idea, ‘ for be headed la. iSio the first company attempt- 
ing to supply ligating service to me pubhc The London and West- 
EBiaster Chartered Gas Light and Coke Company He was greatly 
ass’sted in this work by the engineering sbll of Samuei Clegg 
Goldsworthy Gurney in iSsfr showed that a cylinder of iime 
could be made dazzlingly brilliant by the o.^-hydiogen blowpipe 
About 1S3S. W H Fox Talbot discovered that even the feeble 
flame of a spirit lamp W’dl heat finely divided hme to incandes- 
cence Gillard, who introduced the intermittent process of manu- 
factunng water-gas, made a niantie of fine platinum gauze to fit 
over the fame, but the rapid erosion oi the platiautr. made it 
useless m a ietv days. 

About 1835 R W von Bunsen inve'nted a burner which bears 
his name. Thirty years later Dr Carl Auer von Welsbach dis- 
covered the gas mantle which in 1929 was used in nearly its 
original form Welsbach made gas mantles by saturating cotton 


Until the first application of electricity to lighting late in the i fabrics in a soluuon of certann salts and burning out the organic 
i^La century all aruSaal light was produced by fire The first matter His first manile was made with erbium salts and gave a 
means of securing light at mght was the wood fire To light the marked green light. He patented the mamle and the next year 
way a burning stick called a fire-brand or torch was picked from patented the use of thoria which aaded strength to the mantle 
the fire Resinous gum "wrapped in palm leaves has served for . The incandescent gas mantle composed of thoria and ceria was 
lighting in the Malay islands and resinous matenals, such as pine announced in rSpo Tnereafter ^as soon as the coliochon coating 
wood and gam, and oily vegetables and animal carcasses have process was perfected, mantle lighting became practicil Many 
been used as solid iHuiniaants ) modificatjons and improvements have been made within the past 


Candles. — ^tVax candles are probabh' of Phoeoiciaa origin. 
The tallow candle is of later origin, probably the second century 
AD About the nth 'Century splinters of wood dipped in tallow 
were first used in England, The whale oi! industry in the middle 
of the iSth century introduced spennaceti for candles Stearin 
was first used about 1840 ‘‘Composites/' candies made of steanc 
acid and stearin, were the first to require no snuifing. The com- 
posite candle of ihe present day is made of stearin and paraffin 
(5eo Candle ) 

Oil Lamps. — Oil lamps had their origin several thousand years 
BC The prehistoric lamp was probably made of stone, later day 
and terra-cotta lamps were used These lamps had one wicfc and a 
reservoir for oil or grease The Eskimo lamp consisted of a soap - 1 
stone dish m which was placed a wick made oi moss rubbed into 
a fine powder, oil was obtained from blubber Cave-dwellers 
probably used a skull burning fats taken from animals killed in 
the hunt In 1784, the Genevan physicist Argand introduced a 
draft up through the centre of the burner Later a “■camphene'’ 
lamp with long tubes employing a chimneyless, double, fiat wick, 
had some use (So^ Lamp ) 

Gas Lamps. — ^The Chinese probably first used “gas’’ for light- 
ing, by piping natural gas in bamboo tubes from salt mines A 
natural gas well underlying a ditch of "water near Wigan, in 
Lancashire, England, was closely related 1x10 the evolution of 
artificial illuaiinaring gas. About 1664 the Rev, Dr John Clayton 
drained the water from the Wigan “ditch" and found that the gas 
came from the ground A coal-mine was nearby and Dr. Clayton 
suspected a relationship He distilled coal in a retort, and suc- 
ceeded in collecting some of the coal gas in bladders In 1724, 
more than a century later, Jean Pierre Minckelers, a professor 


25 years Acetylene generated irom calcium carbide was 
shown to be a possibifity by Thomas M. Willson in 1892 The 
Pintsch system of gas lighting, invented by Richard Pinesch, a 
Germao, was brought to America in iSSo It uses distiUation 
of oil. 

Electric Lamp — In 1752 Benjamin Franklin, eaperimentmg 
with the Leyden jar, discovered the secret of lightning— -nature's 
electricity. Fifty years later Sir Humphry Davy demonstrated 
the pracricabiiitA’- of Volta’s theory of obtainihg eiectricity from 
cells consisting of unlike metals immersed in an acid solution. 
The earliest attempt at making an incandescent lamp •was made 
by De la Rue in rSao In 1840. Grove demonstrated his battery 
by lighting an auditorium with incandeeceat electric light. Foucault 
produced such a steady and conrinuous light that he was able to 
use it for photographic purposes The first arc lamp patented fa 
England was the Wright arc of 1S45. These lamps were used for 
street lighting m Baltimore m the late ’70s The first patent on 
’ an inca-odescent lamp was granted hy the British Governttient in 
1341 to Fredenck De Moleyns. J. W Starr patented m 1845 the 
! so-called Starr-Kisg lamp, a ‘"filament” form^ of a stick of retort 
carbon When new, the lamp gave a good, brjght light, but 
1 blackened rather quicklit D'urnig the next few years, several in- 
ventors among whom •were W E Staite Edward C. Shepard, 
M J Roberts, De Changy and Moses G, Farmer, tried to make 
incandescent lamps, even though it was known, that their use 
with current obtained from batteries would he impractical The 
dynamo was not suSciently improved for cominerciaJ purposes. 

Sir Joseph W Swan, 'who became mo of the foremost inoan- 
descent lamp manufacturers in England, 'made from 1848-60 a 
mimher of experimental lamps. In 186$ Herman Sprengtl in- 
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o: Cair.es H ?-eor- ae cxperirrcoted cvta oaiooa , 
:j’','«c'jra .:i .'ir.o^s 'ora'a c"i a.^Ca These .■'■e'e joaunreeJ m 
t: '..a ''...o? Tht-h ii;haL.sfeJ ro £r.e roghear posable degree ■ 
Sprergel paarp Tboaij lArnpa rapic-lv cieteriorstec 
T: vO cf ^Jici rrcoi roe OAro-jii Tais difnrj t" J 
heoJ'ng rOe oura.de of the ba-b si»L’ conr.ectea . 
0 :.oe p':bo„st p’-T.p 'O'hoe p'-S'Oo? c atron? currec: tJtrcugn the | 
:err.ja S;r:;;ghx rero.o v,h~Si rrere i&ar^i io buoile bJt area- i 
rjaaer. oaraao to roa save gooa resaha In zisBa Swan ir.'.'ea.en 
:ra a.rehT-e.trjref r.oreac ’shreh vben carbemaed produced ai 
..onr ‘.r.T csroan usec for marry jears made from cotton thread j 
rrected o-rh s_!phuri: acd and dried becorrJng agaKC.aa.ed los- i 
fn? r.s hbroH? cenirtLon and ha'-ong the appearance and the hard- 
ne.'i 0' ca'gn: 

In It re Lodp^iiirs, a Russian scienuat, mane a lamp haamg a 
shaped piece cf grapbire far a burner operating in r.itrogea 
In :St5 Kusioh, aoothe- Russian made a kmp consisting or 
reeera. granhne rocs eperanng also in nitrogen The rods tvere 
so arriiiged tha: only one operated a: a time and when :t burned , 
Qjt. another was aatomaLcahy connected in circuit Konn also 
a Russian ino-emed a ump in iSr5 sisular to that of Koaiofi 
except th^f cte graphite reds operated in \acuuHi In 'S76 
Boalicnine another Russian, made a Ltap bai..ng a long grapmte 
rod oniy the upper part of whicb v>'as la circuit When this part 
burned out, a c,oua-erweight nashec the rod upward, placing a 
Kesn poru'03 of *&$ long rod in circuit It operated m vacuum 
Widi ■'he apperrasce or the Grartiire dATiamo < 1S75) and cbe 
u<!e of the Sprengel vacuum pump, rapid progress was made. In 
;&‘f Jafalcchkoff pu: ks fameus "candle" on the maritet. This 
=iinpJe arc lamp consisted oi two carbon rods held together tide 
oy side and ir.su'ateJ from each other by kaohn T.ne kacLn ^ 
taporued as the carbons -sere conaumed, giving the arc a peculiar J 
coioar A pmplete sj-stem -wrs developed by Jablochkoft with ' 
ur. al'ematlng-curreni genera! or used to ofrset the aaequai con- 
smnpuon of the ^arbons on direct current. A senes system of 
<i stnoucion was used and in order to prevent interruption, several 
•.aodles were out m each hxture 'wifi an automatic device to con- 
nect L fresh -candle whenever one burned out The Jablochkoff j 
tandle feao 2 hfe o? from abaut an hour and a half tc three and 1 
a .half hours Thousands of candles were sold 
In tbs United Siatec there were 'everai pioneer arc bght sj's - 1 
terns The earliest were those of Ut'iiium Wallace, of .Unsonia, 
Conn who faecsree associated with Prof Moses G Farmer 
Edw-sri Weston uf Xewarh X J. Charles F Brush, ot Cleveland, \ 

0 and P-'of Elnu Taomsoc, -who became aasociated witU Edwin 

1 Houston, Brush aunounrEd his first jrc lamp in 1^77 and in a 
few years Brush, arc lights -ware all over the world Early m 
1^79 iha first Tboinson-Houston arc dynamo was built in Phila- 
delphia. In the Cnited States also four men attacked the problem 


(f Farmer, Hiram S hlasin and Thomas A. Edison Sawyer be- 
came associated with .Uibon Man, his patent attoniev The j 
Sawyer-Man Efectnc Company developed several lamps con- 
sUting of a piece of graphite, operaung in nitrogen, covered by a 
glass globe cemented ro a metal holder The larups were designed 
so that they c-cwldi be renewed by epemag the joint and putting 
12 a fresh bunier. Farmer made a lamp ccjisisting of a graphite 
red whidj also operated in nitrogen gas Maxim made two lamps 
One consisted <si a piece of sheet platinum operating m aJr and 
t»E other oi a graphite rod operating m s rarsned hvdro-carboa 
vapour. 

Idisaoi gave Hs famous disnky of a cwnplete lacandescent 
ugbtmg sy’stem X!e in See 1^75 ai Menlo Park As far back 
1S3S, Prof Jobard. of Brussels, suggested that a loiail oiece 
cf ,atbc» tacandesced in a vacuum by electricity, might be em- 


ed amp Et? os on a. coun,. o. h^s woru; on his telephone 
rsceicer, was eminenuy qualified to experiment with carbon for 
lamps He eit.mit.ea that tbs carbon should oe not over m 
-n cumeter, cr about the size of ordinary heaxw se-mng thread 
Tfif-n aa saw the possibility of carbonizuig a piece or sewing 
thread bt' beating it in an air -light crucible There has been some 
misconception of exactly what Edison did invent He yeas not the 
first raan to make an mcaadescent ’amp, as intiicated in the fore- 
ssing =t.Tunurj He conchuded, however, that such lamps must 
be conr.e.-ed lo the circwt in multiple so each one would be 
independent of the others He also realised that lamps connected 
in niutip'e must be of High resistance and he named this high 
resistance carbon burner a “filament " Finally he realized that 
coDtimiDus h.gh vacuum was essential end produced it by making 
the glasb container dosed at all points by fusion of trie glass 
Ed-son's basic tamp patent Xo 223 SaS, W'hich the courts upheld 
as covenng the medem incandescent lamp, co\ ered (11 a hign 
resistance lament of carbon, In u) a chamber made entirely of 
glass and CiOsed at ail points by fusion of the glass, which con- 
tained (3 ' a hjgii vacuum and through W'hich (4} platinum wires 
passed to carry current to tue lilament It ivas a patent -on 3 
combmatioa of old elements "which produced a new thing — a lamp 
suitable for multiple distribution over large areas The first 
commercial mstallati-on of the lamp -was made on the steamship 
‘ Cc-'iimbia” of me Oregon Railway and X'a'vigatJon Company The 
onginai installation of about iSo lamps ran for 15 years During 
the two years iSSi-Sc, over 150 other mscallaunns -were made 
aggregating over 3c 000 lamps These installations included steam- 
ships machine and car shop? mills scores, offices, theatres, hotels 
residences, etc ; all of them were entirely successful 
The enclosed arc tvas patented in 1894 by L E, Marks and for 
about ten years was the favourite unit for high candie-powei- 
electnc hghting in America Five years later came the Bremer 
dame arc lamp, which was followed by other types of lamps using 
special electrodes, designed io intrease the luminous efficiency 
and intensity The best known of all the luminous arc. or the 
magnetite, developed in 1900. was largely due to Steinmetz The 
electrodes are composed of metals and metallic osides, without 
any carbon ‘‘body ’’ The magnetite is essentially a direct-current 
lamp Arons in 1892 originated the mercurj'-vapour arc although 
it -was not used as an lUuminant until ,\pril 1901, ■when Peter 
Cooper Hewitt displayed his mercury-vapour lamp before the 
American Institute of Electrical Engineers. The first practical 
installation was made in the composing room of the JVex‘ Farfi. 
Evening Post m 1905 Dr Xemst in 1899 produced commercially 
a new form of incandescent lamp whicti during the first decade 
of the present century made consideraole headway in the lighting 
field. The filament of the Nerast lamp was a solid electrolyte 
composed pnncipally of rare earth oxides 
Iraprovetiients On the manufacture and construction oi the 
carbon lamp proceeded from the time of its first successful use 
The filaments instead of being bolted or damped were pasted 
to the leading-in wires The "squirted cellulose” replaced bamboo 
ior the carbon, filament. The tum-down lamp made it possible 
to conserve energy when the full light value of the lamp was not 
needed Evidence of a tendency toward a complete chsplacement 
of the cellulose filament by a metal filamant ti'as given in the 
appearance of Dr Welsbich's OHmium lamp in iSgS Then xn 
1905 the ' Gem,” a metallized carbon filament lamp, appeared 
in Amerca, The first tantalum laboratory' lamp "was made by 
von Bull on and Feuerlein. in ipot It was placed oa the market 
in ipofi but soon disappeared due to the advent of the higher 
efficient}! tungsten filament lamps The pressed filament tungsten 
lamp (1907) was the invention of Alexander Just snd Franz 
Hatiaman of Uuenna. The filament was very fragile From it in 
rgro was evolved ihe drawn wire fungsien lamp, developed bj 
Dr Wliiiam D Cnolidge, this filament has proved strong, durable 
and cheap. Improvements in this lamp have res'ulted m obtaining 
high efficiencies^ The gas-filled lamp developed 111 3913 by Dr 
Irving L^gmuir an associate of Dr Coolicige m the research 
laboratories of the^ Gener.al Electric Company, has an effiuency 
many times that of the old carbon lamp 
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■lOOS OF OBTAINING LIGHT DISTRIBUTION FOR INDUSTRIAL PLA 


locm of warehouse (1—2 foot candles) 
rootftf area iLlominaied to intensity of 
itl lamps in RLM doires Rofleotora 
r on 10x12 ft centres between lamps 
walls with flat whito, increasing the 
'fsfty of seven foot oamlles. for general 
e the righl type ss show;? 
tighting, showing advartage and dis- 


advantage of raising yn'ts to sWe gene/al floo 
arrangement (4’i js c3ange''ous wnare there ts m 
and (7) are trying to the eyes, as there are 
concentration of Ugbt on working surfaces of m 


6. Ideal arrangement combining local lighting w 
fighnng, w th low cand'e^power ceiiing hgh 
tjon of Jignt over mschinc^ ana passagewayi 
cei/insf IS not bright, and there la nc glare ta 
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THE le&lSCH LAMP AOH^S {S ShKS PIfTK AVEKUfi DEPARTWEHT STOB 


modern LlGHTiNG ARRANGEMENTS FOR HOMES, STORES AND FUEL 


Te Nationa! BroEdoaiiinj Co , New York, Ireatod with inter- 
Cgh units consisting of hollow-coves, suspended lantern licht 
iB"5 and flee' jamps 

examp'fi of tne proper* use of indirect liflKtms 
" -'oonr With too rnucr UcTtins n +ns uppe-- part it having a 


tinng effect on the eyes 

4 A pioperty (ighted room with soft 

5 A badiy lighted window calling att 

merchandise 

6- A well lighted window strikingly b 
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LIGHTING AND ARIIFICIAI, ILLUMINAIION 


The ei&ciency oi the eirly carbon lamp prcaiuced in 1S79 'wa.a 1 trie lights 15 not possible or convenient When bur 
cnout 14 lumens^ per \vatt In iSSo the carbonized bamboo fila- j dame barners coal and carbaretted water gas o* 
ment bad an efficiency of i 6 lumens per watt, the squirted | B.TU value give varying candie-poivers ranging fi 
cellulose filament introduced in 1S86 2 5 lumens per \yatt the j per cubic foot of gas consumed This hght-giving p 
treated cellulose filament of iSg6 about 3 3 lumens per matt and j increased six or more times by burning the gas in d. E 
the metallized carbon filament of 1905 4 lumens per -watt The | and mtroducmg solid substances, other than carbe 
ta'^taliim filament lamp, commercially introduced in 1906, gave i radiation sejiectively in the visible spectrum 
< lumens per watt, while the first tungsten lamp sold had an ' Burners. — ^The open-flame burner using lUumma 
eftjciency of 8 lumens per watt, or double that of the best type . practically disappeared as a Lght source, havmg y 
of carbon lamp Modern tungsten filament lamps operate at | much more efiicient and steadier Welsbach mantle 
efficiencies ranging from 3 lumens per watt for the smafl sizes up for open gas flames, whether constructed of metal 0 


to 30 lumens per watt for the higher wattage types 

MODERN ILLtFMINANTS 
GAS FDAMES 

Illuminating gas is produced by destructive distillauon of almost 
any organic compound, notably' coal, and contains many different 
gaseous compounds, together with the elementary' gas hydrogen 
and some inert nitrogen Coal gas is manufactured from coals 
havmg a rather large percentage of volatile ingredients (17 to 
jo’ye) '^'ith a yield from 5 000 to 13 000 cu ft of gas per ton of 
coal (See Coal akd Coal Min'Ixg 1 Water gas is manufactured 
f“om anthraate coal, 30 lb of coal yielding about i 000 cu ft 
of gas 

Carbon Content and Lamp Efficiency. — The lamp efficiency 
of a hydro-carbon fuel and the dev'ice in which it 15 burned, taken 
together as a source, depends on the relative number of carbon 
particles liberated on heating and on the temperature to which 
these particles are heated To some extent the former factor is 
opposed to the latter In any' flame source there is always a 
great loss of energy through other means than temperature 
radiation, the principal ones being those of convection and con- 
duction Other things being the same, the greater the number of 
carbon particles, the greater will be the portion of the energy 
supply which will be radiated by the incandescent particles This 
consideration points to a high carbon content as a desirable fuel 
characteristic Other things being the same, the higher the flame 
temperature the greater will be that portion of the radiation 
whch occurs within the visible limits The temperature of a 
flame decreases with an increase in the number of carbon par- 
tides liberated per unit volume of the dissociated vapour In tfiat 
a greater number of carbon, partides per given volume means a 
greater rate of loss of energy by radiation and consequently a 
reduced temperature this consideration points to a low carbon 
content as a desirable fuel characteristic In practice, some sort 
of medium carbon content is, therefore, -desirable 

Fuels. — In the candle the wick is the burner. In addition to 
bimging the fuel to the flame by capillary action, it serves to 
keep the flame away from the large body of fuel to such an extent 
that only sufficient energy is lost to hquefy it and thus pr^are 
it for its transfer by capillary action 

Kerosene — ^In kerosene lamps the chimney and air vents control 
the air supply, protect fr-om drafts and to some extent preheat the 
incoming air The standard illuminatmg power for kerosene 
burned in a common fiat flame is about 1,100 candle-hours per 
gall-on, measured normal by the flame. 

Acetylene — The use 0! acetylene light now seems to be limited 
to isolated places, to miners’ lamps and navigation buoys The 
burners used are usually lava tips with air vents. The tip is 
pr-ovided with jet openings that distribute the gas streams at such 
an angle as to make one stream abut upon the other and thus 
produce a flat flame. Due to its very high temperature, the 
efficiency of the acetylene flame is relatively high. 

Pintsch Gas — Pintsch gas, obtained from the destructive distil- 
lation of petroleum contains largely methane, along with some 
heavier hydro-carbons. Compressed in tanks from 8 to 14 atmos- 
pheres, it has been largely used for railway, lighthouse and buoy 
purposes Used with a Welsbach mantle, its efficien-cy is greatly 
increased 

Carbwetted Air Gas — Carburetted air gas consists usually of a 
nusture of air with a very v'-olatile gasolene and is commonly 
employed where the use -of other artificial gas natural gas or dec 


essentially lumted Ic three tv'pes In the bat-win 
gas issues from a narrow' slot and forms a thin sheet 
tne fish-tail Durner, tw'o circular streams of gas mee 
angle and on ignition likewise spread out into a 
flame In the Argand burner, parallel cylindrical jet' 
from a number oi openings arranged in a circle am 
form a cjlindncal flame enclosed by a glass chimnej 
combustion is supplied from the bottom of the 
mantles of to-day gtv'e about six fimes tte hghL c 
burning gas in tie open flame, and contain about i 
99% ThO; They radiate energy in the portion of 
that includes wave lengths weil suited to illuminatii 
mantle would be one emitting luminous radiation 
spectral discnbution best suited to the eye 

General. — Means for preventing back-firing a. 
necessary for the inverted lamp than for the upnght 1 
of the necessarily high temperature of the mmure 
complished by a burner tip considerably widened at 
provided with a gauze. 

Higher gas pressures (2 ib. per square inch) give 
about twice that of low-pressure burners, but this 
given at the expense of complicated pressure apphan 
life of the mantle. However, high-pressure lamps 
tensively in some countries for street hghting One 
valuable contributions to the gas-lighting an has 
velopment of a burner whose Bunsen tube lies in 
position and thus is adapted to operation in a sas 
One of the hollow suspension arms serves as a ga 
from the outlet on which the structure is suspended 

ARC LAMPS 

The characteristics of arcs that are of special vaue 
tion are efficiency, ruggedness, adiustability, concenti 
source and the control of the colour of light The 
trimming the presence of undesirable products 0 
and the complicated mechamsm are objections to tl 
is largely confined to large-wattage units for outdoor 
to projection uses (because of its superlative cratei 
and to photo-chemical uses where high efficiencj' 
blue and violet light is necessary. Table I gives 
important facts in the history of arc lighting 

Table I 


Discovery or mvention 

Carbon arc discov ered 
The name “‘Arc ’ first applied 
Open carbon-arc lamp 
Enclosed carbon-arc lamp 
Yellow-flame carbon-arc lamp 
Mercury-vapour arc lamp 
Vettical-flame axe lamp 
Magnetite (oxide) arc lamp 
Enclosed-flame arc lamp 
White-flame photographic arc 
lamp 

High-intensity searchlight lamp 


Discoverer or 
inventor 

Sir Humphry Dav y 

Sir Humphry' Daw 

Brush 

Marks 

Bremer 

P Cooper Hewitt 
Blondel 

C. P. Steuimetz 
A D. Jones 

Norman Macbeth 
Beck and Sperry 


Classes of Arcs. — Arcs may be divided into two i 
(a) crater arcs and (b) luminescent arcs. The era 
mrface ’’he riectrode f“oin wh’di ‘he arc atre 
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LKjHTIN'G and artificial illumination [arcumps 
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I , ;ri, iLrr;ie-;er», arcs 
n.' -rijrtrb- ir--, jpoar arcs anc tbe tu'srr'en arc. 

factors Gaverniag light — Tre arruanr an-i quai.ry 

■irptiJscn ’ij ibe che-nicaJ romcosition of 
s . ccunpui'ty.ri ixo.ico a.id pressure 
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'be arc 

Crater Area aad Light in Jteiatioa to Current — \s tbe 
ebief brh: sc-urce of a pure carbon arc i= tbe posCne mter iais 
cracsr area is a varrac.e of great ’aip3’‘;aoce. The crater area 
deperjj ca the cotpc-ibra-i and sue cf Jie elecirodes the citrreE: 
tbt ari. fe’ictb c^c tbe che.'uicafs iQ tbe arc It has been, found 
TIL.' ge.nerjliy m.h sodd carbons the crater area tncreases 2 4 
t;3t; Then tie rurien: ts doubled. With flatns arcs the Cghi 
.'nc't-ssta taster 'w.'ita tbe current is incressed For good stability 
of the arc it is iirporUn* to consm^e th 


Coloaf Resources of tbe Arc. — .A.s the sun gives a colour tem- 
perature 0' a-out 6,^oc' K., and the posiuve-carbon arc a colour 
terrperuture of aocut 5 "oo' K it can readily be seen why the 
bghz of cue arc is more ydtaw in colour The A C earn on arc li 
more yehow than the D C arc because of the lower average tem 
peracure of the craters ss each crater is a positive only haF of the 
time The adaition of chemicals w the arc greatly extends the 
range of roltm.-s obtainable In Table II the best inaierials for 
producing V3noo« colours are gii'en. 

Tasie II. 

Colour oi Light biRthiion- to Matenal zn the Arc 


1 Cobur of light 

Material in the arc j 

■ Red 

Strontium, yttrium j 

' YelSov, 

Calcium fluonde 

1 Green 

Srbnna, thallium, mercury 

blue-white 

Rare earths, nraiunm, iron, titamum 

[ ITtra-violet 

Uranium, iron, mercury 


Conductivity of Axe Vapours — The conductivity of arc 
vapours increases very rapidly wmh the temperature. This 15 one 
cf the factors that le.nd to force ths current toward the centre of 

_ ^ the arc and thereby further increase its temperature and con- 

... uAw 1. j;) .u Lixc: highest temperature of j dactivity The elecincai conductivity of elements in the arc 

he cathode this is d'One by using 3 sharp-pointed anode The j depends largely on the ease with which they give off elections In 
carbon arc Is the rrost s'able of all arcs that operate on alternating carbon arcs, it is common to use alkali salts, which are called arc 
1 urrent, because of the high temperature of the sublimation of • supporrers. for the purpose of improving the arc steadiness and 
csToaa and the icw thermal concuctiv.ry and also because the | the ease of its control 


•». V- 1 *W V* » •-JT MbAtinV VMW J 

daw of arc vapours urTke that -of the metallic arcs, is from the i 
hotter pesnive crater to the negative crater spot, which is thereby ' 
neated The temperature cf the negative spot and hence arc 
s'ability are improveo by large current and high frequency. 

CbenaicaS Coimposliioc of Elecirodes. — The chemical com- 
position c* the electrodes determines the brightness of the anode 
crater and the spectral nature of the light o£ tne arc stream 
Oti/ materials faavmg the highest boding points such as carbon, 


.C JS' (LiC ( Relariora of Arc Voltage to Arc Length, — The relation of 

iraier spot, which is thereby I arc a cltage to arc length is that of a linear function The minimum 
tr.nf- -inri i>ftnrA arr I vojtage below which thfi arc is inoperative is called the “starting 
arc voltage.” For the carbon arc this is about 40 volts, for the 
flame arc about 20 voles. The great increase in the length of the 
flame arc oier the pure carbon arc makes it less sensitive to 
mechanical deficiencies in the drawmgs of the arc. 

Reiatioo. of Current to Efflciency — With the pure carbon 


<-> -iv uiJLcuiib uHvias [Qc mgflcsc oozing points sticn as carnon, j 4 \cA<tuiuxi. ua vurrent 10 £,nicieacy — vvitn tne pure carbon 
airconiuin oxide, tnnta'um and tungsten, are suitable when the i arc. on either dmect or alternating current, the light increases with 
light iS to be produced by The brightness c: the craters on the ‘ the current as tbe 1 4 power With fla.me and m.agnetite arcs, the 
electrodes With flaming arcs the flame materiais are earned ' nsuai light increases with the current to the i 6 power. With 
;rom *>10 srode^ to the canhode The inchned-trim carbons are ' flame arcs of the tungsten type, data indicate that the light in- 
u^ually made with flame muteriai in the positive eiectrode only 1 creases as the square of the current 

neccuss rs high hear is suScient to fill tne arc with the light- j Series Arrangement of Arc. — ^The ideal circuit for arc lamps 

runng vapours Tne magnetite arc has a comparatively cold anode, is the constant-current or series circuit, m WThich all the pow er 
made d cojper. The cathode is composed of magnetite (elec- can he utilized m the arcs themselves. In .American cities senes 
tncmiy conductiog cidde of ironL ticanium osde which is the 
beet fight giver in these arcs, chrsmium oaide which decreases and 
reguiams vaponaation and alkali salts for unprovirig the arc 
conductivity Whue in tlm case of tbe flame arc tie salts are 
-amed uto the arc by vaporiaation from the anode, m the 
niagnetiie arc the materials are carried into the arc by vaporization 
rroia the cathode. An upner Ifinii is reached in the use of kige 
amnusts sf flame material because of (i) the increased energy 
roqwred to boil the greater amount of isaierial, (2) increased 
ceohiTg effect on tne arc scream, and (3) the increased obstruccion 
of fight by tbe cendensation of the flame x'apours as a dust around 


circuits operating with several thousand volts are common, while 
in Europe the multiple arrangement of arc lamps predominates 
Low voltage of the arc has the advantage, sometimes of great 
practical value, of increasing the number of lamps per series 
circuit of fixed voltage 

Multiple Arraugemeat of Arcs—The multiple arrangement 
of arcs for street lighting has been extensively used in Europe 
with flame arcs bat has not been developed in Amenca The 
objection to the miiitiplo arrangement is the loss of energy in 
the haliast of the arc lamps, 

L.T , ’ ....... ...w. -..-wwv. J Importance of Arc Control. — .Since the arc is Lharsf tenxpd 

comiMSition of the atmosphere around the 1 by a marked decrease of its resistance with an increase in current 
Zt wngslen arcs operating in j the arc voltage also decreases Hence, the maintenance of a stable 

.ow-pressu.e vapoap such as tiiamam chloride the electrodes con- arc depends very much upon the kind and amount of external re- 

ease the iisht. With the flame 3 T*rs_ pisnpria ITxr ! 

giving %bt 


'srtfe tigU-eiving chemi'^is With the carbon arc, enclosures t 
gteady increase the i^ht. With the flame arcs, especially those 
gliding by chemical reactiun in the arc snell. the revere 
ocorrs. 

Constiatpttoa of tlw Electrodes.— The consumption of the 
efeciroifes in an arc lamp depends on oridriion and colariltzatfon 
With tnrhen. ekemodes, in general, -he consumntion of the positive 
cAthon ^ abent twice that of the negative, beca-ase of the greater 
neaung effect of the large positive crater The consumption of 
Mtb carorms increases vtth tbe cnirent; while the lower carbon 
i£_rft Tasucuiaxly afected, the -upper enrbou burns more mpidly 
with mnvapig arc voltage Enclosure reduces the rate of con- 
aSKipt'oa of the carbons 


tram the standpoint of wide regulation but it is a disadvantage 
from the standpoint of tie power lost ostemally to the arc in its 
current-regulating apparatus. On a multiple circuit the arc ballast 
may consume i to 50% of the tola] electrical energy used, while 
on a sen® circuit this loss is avoided because constant current is 
suppheo by the generating apparatus 

.^c direct current the arc ballast is usually a 

r®i^ance wire with a low temperature coefficieiit of resistance 
so that, ^ the resistance heats up, the arc regulation will not 
ai^e. Jf the resistance is arranged on a magnetic cote, the 
steadmess of the arc Is improved. On alternating-current circuits, 
reactance may he, and usually is, employed instead of the steady- 
j mg resistance, and the waste of powc- 's thereb'y greatly de 
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r a ed mportant a pec a de trm he kmd of balla t 
u h ho j!d be u ect n an ate s s eSect on he ef^c enc of iie 
elf Ie the case 0 the arbon arc toe use of a reactance 
dec- eaaes alightly the lumeas per arc wait The reverse results 
nidi the dame arc 

GASEOUS VAPOUR LAMPS 

About iSgo Dr D McFarian Moore tested & large number of 
gaseous lamp designs containing all possible gase; and a great 
many vapours The ones most corirnerdally successful have been, 
the relatively low- voltage, long-tube nitrogen or tarbon-dioside 
filled lamps The former yield yellow-orange +inted light, the 
latter, white. With the former efficiencies of 6 lumens per watt 
are attainable, with the latter 2 lamens per watt W'ith the 
aitamment of eJBciencies of the order of ro lumens per watt in 
ihe tungsten lamp rhe bmps were doomed as commercial sources 
for genera! illumination However, where accurate colour match- 
ing of objects IS of interest, the carbon-diomde nlled tube still 
finds a commer-oial application 


a icr non glov The a u neon lamp connaua of a seccioa of 
g.a„„ uabjig varying in length from ic to jg ii and when used 
for electrical displays is bent to form the desired letters or 
pctteni Neon produces a charactcriaric reddish-orsugs glow' at 
a fairly high efficiency (12 to ao lumen.® per watt) This colour 
is quite distinctive and is efiective for electrical display even n 
daylight Because ci the fact mat red rays penetrate fog and 
heavy atmosphere better than the other colours, seme application 
of neon for signal purposes and for aviation beacons feai^e been 
made. By ihe addition of slight amounts of mercury a light blue 
colour IS obtained By' adding other gascs in conjunction with 
■neon or by using coloured glass for the tubing other cok-urs are 
obtained, usually, however, at some sacrifice in luminous efficiency 
The further development of theoiy of eketne discharges in 
wicuum as well as m the rare gases are likely' to produce far- 
reaching results in the practical application of illummsnis of this 
character Some W'ork which is still in the etpeiimentai stage, is 
being done -on tie so-cailecl hot cathode” tube which -operates on 
standard no volt circuits 


The Mereary Vapour Lamp— The Cooper-Hewitt mercury-- 
vapeur lamp -was first exhibited m igor The present standard 
lamps range m size from 200 watts to i,foo watts They consist 
of a tube of glass containing mercury', mercury vipoot and wires 
sealed into the ends of tie tube and attached w a cathode elec- 
trode of metallic mercury and a cup-shaped anode electrode of 


ISCANUESCENT LAMPS 

Because of their flesibility of use and convenience incandescent 
lamps haVfi become the ruok important of all jlluirjnants. Since 
the last major dav’elopment 10 incandescent lamps the gas-filled 
bulb in 1913, there have been many improvements fhat have m- 


iron to oonduct electricity to and from the current-carrying 
vapour 

Table III 



Sensation r alue | 


Red 

Green 

Blue 

Black body {perfect radiator) 

cr 

^0 

/£ 

3 S *3 

c* 

VC 

33-3 

Blue sty 

j6-S 

272 

46 0 

Afternoon, sun 



25*0 

Caibon (gen ) lamp 

50 -Q 

40 6 

8-S 

D C carbon arc 

41 0 

36-3 

22-7 

Alercuiy-vapoui arc 

29 0 

3 ® i 

40 7 

Hefner lamp 

5 U- 3 

3 t 5 

6‘2 

Carbon inumdescent lamp 

SX-i 

403 

8*4 

Acetylene 

4S 0 

40-8 

to 6 

Tungsten mcandesceut lamp 

4S3 

40 S 

ro 9 

Nernst 

49-2 

40 7 

TO*t 

Incandescent gas mantle, cerium 

42-5 

40 s 

r6 7 

Incandescent gas mantle, cermn. 

45 * 4 - 

43 0 

12-6 

lacandescent gas mantle, cenmn 

47-2 

41 8 

II 0 

YelJon-fiame arc 

0 

srs 

ro 5 

Moore carbon- dioxide tube 

— . - 1 


31 0 

37 7 


The arc current may be considered as a continuous drift of 
electrons from the cathode to the anode and a relatively much 
slower movement of positive ions toward the cathode The 
whiteness of the mercury-vapour light is due to the combination 
of the nearly complementary hues -of the yellow-green lines with 
the blue and violet lines. On the basis that whke light is one- 
third each of red, green and blue, the mercury arc light gives the 
eflert of being 2g% red, 30*^, green and 41% blue Green and 
red produce the sensation of yellow. This excess of blue and green 
is quite apparent The variation from -whiteness in comparison 
with other commercial illuminants and for sunlight is sbortn in 
Table HI 

The Alternating Current Mefcttry Vapour Lamp — The 
construction of the AC mercury-vapour lamp is identical with 
chat of the D.C lamp except the c there are two anode electrodes. 
The current in the lamp tube is a pulsating direct current of a 
frequency f-wice that of tl^e alternating current. The mercury arc 


■creased their field of application. Their size ranges from the so- 
called ‘gram of wheal ’ of a half of a watt consumption such as 
used in surgical mstruments, to commercial types of 30 kw' lamps 
and above In 18S5, five years after the intioducuon -of ths in- 
candescent lamp, there were approximately a million lamps sold 
The lamp consumption in ipaS tor the world was more than 
1.600,000,000 lamps, an increase of more than 1,000^ sjnee 1885 
In igsS lamp pnees in the LTnited States were only about 40% of 
the pre-war pnees of 1914, in spite of the fact that labour and 
matenal costs had nearly doubled. As late as igja lamp tnanu- 
factui-ing -nyaj, largely a matter of many hand operations About 
that time automatic machines replaced a score of hand operations 
in the assembly of the stem, leaffing-in-wixes and filament support 
mounting 

Lamp Development. — Important developments on “getters" 
have been made These are diemicals, prinapally of tie halogen 
group which react to perfect the vacuum in the bulb, and unite 
with the disintegrated particles of tungsten to produce a white de- 
posit on the inner surface of the bulb, thus helping to msiatain the 
candle-power Developments in coiling the filament methods of 
inspection, ot wire dravnng and coiling processes have accounted 
for great advances in uniformity of life and efficiency The tipless 
process of lamp manufacture perfected by Mitchell and White of 
the General Electric Company, not only improved the physical 
aspect ot the lamp, but made for m-ore economic lamp produc- 
tion Pipkin’s invention of the inside-frosting process m 1925 
■was a major development in so far as it cleared the way for 
standardization of lamps. 

Actvtal ElBcieacy of Lamps. — 'While vast improvements have 
been made in the incandescent lamp fram its inception the lamp 
15 still relatively inefficient as a transformer of electrical energy 
into light In a vacuum lamp about §2% of the energy put into 
it is radiated the remaining S% being conducted a-way as heat 
through the leadmg-in wires and anchors Of the radiated 
only a small part appears as energy within the visible speotruin, 
corresponding to about 6% of the total energy put mto the lamp, 
so that the lamp as a lighting device may be considered as hatfing 
an “optical” or actual effiaency of 6%, that is, in a 40 W'att 113 
volt vacuum lamp only about aj watts appear in. .the visible 


IS essentially an unidirectional conductor because it is dependent specirum. In a gas-filled lamp the “opbcal” efficiency is about 
upon the esisteii'Ce of a so-called .cathode “hot spot" -which forms 8 to 10% These figures for both the vacuum and gas-filled lamps 
on the mercury electrode but not on the iron electrode are only general, the actual values depending on the operating 

Neon Lamps. — development of a gaseous conductor tube temperature of the filament, -which in turn largely depends on the 
employing neon gas, which dates back to about rqr i, has in recent size of lamp In practice the efficiency of lamps is expressed in 
years come into some prominence for certain special apphearions “lumens per w'att” (LPW) K aU the energy put into a lamp 
By applying a high, voltage to tubes fitted with electrodes and came out as a radiated energy within the visible spectrum, the 
containing neon gas the electrical discharge through the gas causes LPW of such a lamp would depend upon the amonat of energy 
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njust therefore be such that they mil radiate the heat from 
L-ie shment a.od operate at SJiSaemI> low temperature so that 
the'- do Dot soften The actual operating temperature of the bulb 
IS of the order of 150^ to 400" F depending on the lamp 

Vtuitage 

BiiJb Finishes, — Since 1926 all bulbs up to and including the 
too watt size have been regularly supplied inside frosted This 
process accomplishes dlif jsion 01 light from the intensely brilliant 
fimtnent with httle. sacrifice in etfictency. In the past it rvas neces- 
sarj to resort to oursiae etching, spray coaling or spetrd white 
glass bulbs With a loss of 5 to ^3% of t-be light by absorption and 


c.'c I PV. I glass bulbs wicb a loss ot 5 to 255-0 oi me iignt oy ansorption and 

Characteristics of Incan desceot Camps,— .Increasing the I at the same time such lamps collected dirt readily and were hard 
v:l:..re of a lamp resnl’-s in Ingaer filament temperature, a higher , to clean xA-bove 100 watt lamps are supplied 'with either clear or 
.rb* o. '-u: z fzehf.T vi'-sTe. imi* .anc a. shorter hie The lisbt ' wbite bowl bulbs The latter differ from clear bulbs onlv that thp 


13 i«4gxic:;. , bV iT.I>U\C J-VSI ’rVatv tl-L*-. Vnicai ur 

; Ox-Tm a b'giier vjttaire mpA and a shorter life The light : wbim bowl bulbs The latter differ from clear bulbs only that the 
cjipu' icc’-eases 3; a higher ratt than the wattagt input and iow-er parr of the b rib is sprayed with a superficial coating of white 
therefore a mgnrr 1 .miens per watt is cb’a.ned Ttie variation ^ enamei Coloured lamps are made either in natural coloured 
of amperes, wans, ohms. lumens t'^andlepowerj and iuciens per , bu'bs or with coatings consisting of finely-ground pigment mixed 
tvnti varying volts can be deterained etperunentaliv on a with a permanent vehicle and sprayed on fhe bulbs, either on the 
ph-mmete^ ' " ■ ^ '■ ^ ^ ‘ " ' t . 


Life Performance . — As a lamp bums tbe nlameat vipenzes 
cendeus rg on anc darfew'ir.g the inside of the bulo This Lrfcea- 
.ug cu.s efi same of the iig “t given by tes .amp, Chera’cah oaEed 
rerers are put fcstde: the bulb to convert tb’s deposit into a 
hguier shade so that there will be less absorpr.on of the light 
T.nerc is a furthe.-' reduenon in iunieas ot a muhiple lamp during 


C * . 

Its bie due to the evaporation of the filament, which becomes [ uicma.c cuiu vatiuciauid, inuiictuii^ luc l,>'pu tu soiicut m wnica 
ibinsor ns the lamp bums This increases the resistance of ihc ' each base will fit. Alogul bases are used on lamps above 200 watts, 
filaaen: io that i: -consJKies less watts, hence operates 3' a lower ‘ — '■ 


outSxde or in more recent practice on the inside. Lamps may be 
obtained also with special blue-green glass bulbs produemg a 
w'hiter quality of light and are designated as ‘daylight"' lamps 
Types of Bases.— la the United States the matter of bdse 
standardization was taken up early so that to-day there remain but 
four standard y-pes in general use aside from those used for min- 
iature lamps These are designated as mogul, medium, inter- 
mediare and candelabra, indicating the tj"pe bt swket in which 


temperatuTg a-nd so gives less iighc. 

Size of Filatneat. — The wattage input in z. tamp is greater 
than the amount radiated due to the energj' m the heat conducted 
mvay by the ieadng-in wires and anchors, the rate at waich energy 
is radia'ed Iron: the filament at these points due to their lower 
temperacu-res, is less then that from the mam body of the fila- 
ment In a gas-fiilen lictp an even greater wattage input is neces- 
sarj , cue to the heat conoucted away oy the gas Thus, in order 
that a filament may opecaie at a certam temperature, its surface 
area must be taken into corsidemtion Iliere is but one possible 
filament iength and diameter which has the right surface to operate 
at the dejired temperature The jo-watt, 115 volt lamp has a fila- 
ment length cf 174 inches and a filament diameter of 0-0016 
inches 

Filameat Operatiag Temperature.— It is desirable to oper- 
ate ihe filament at as high a temperature as possible in order to 


-* ' -S'- • 

medium buses used on all sues below 200 watts The intermediate 
and candelabra are used only cm certain tv'pes of small w-attage 
lamps for special decoratn e service f\V M Sk ; C E. W ) 

LIGHTING IN PRACTICE 

Since the phenomenally quick development in the efficiency aao 
tie low cosi of electnc light there has been a natural trend on the 
part of tie public tow-aro the use of too inach lignt. For a com- 
paratively small amount enough light can be had in any modem 
home to become dangerous to the eyesight of the occupants lake 
the dangers attendant upon other discoveries in electricity, such 
as those of the X-ray, this new conddion will undoubtedly result 
m much, that is harmful before sufficient information is gained and 
generaly understood concerning it 

GENERAL THEORY 

la order to acquire an understanding of lighting practice, it u 
necessarj- to consider various phases, such as glare, the direction 
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get the most hght for the energy puc into the lamp Tie firmting , from which light enters the eyes the use M highlights and 
tempeniare is, of course, the melting poiiit of the filament mate- J shadows, and the relationship of colour to mood 


r.aj. However, the materiai evaporates at temperaiures below the 
meltir^ point, the lower the temperature the lower the rate of 
V aporization. The filament becomes thinner as its surface vapor- 
izes until it finally bums out if it has not been broken beforehand. 
Thus tne higher tbs temperature the shorter the life of the fila- 
ment, so the operaimg temperature must bs considerably below 


Glare — Glare, direct or reflected, must be avoided by the use 
of one of two methods, fi) a proper diffusion of ihe concentrated 
lighting source through a shade; (2^ a proper diffusion obtained 
through refleePoD upon some surface or surfaces Even when 
candles or oil-lamps were in use, unpleasant glare was encountered, 
and many designers provided them with shields or shades The 


1 - 7 — '' uciuw [ aiiu ucMguefi, pioviaeG 1.1033 witti stiields or shades The 

rfe me.Lug point m order to obtain a reasonable life. Filament j light of one candle ffame, as ordinarily placed for reading creates 
temperatures ranee from -^no'’ fT ir w i:,.™ ,-x ^ creates 


temperatures range from 2400 '’ K to 3 x 00 ° X for lamp sizes from 
25 to 1000 watts (K=K.€lvin). 

The Vacuum. — the bulb were not cithausted, the ctygen of 


glare and it is pioporticmaiely necessarj* that modem units, giving 
from 15 to 2,000 candle-power, be carefully considered 
Avoidance of Light Above Eye-level. — Since the begmtung 


xi,„ „• I. t. M ixiBin, ^uovc nyc-iLevei. — Since the beoinuinz 

the arm the bmh would chemically combine with the hot tung- 1 of emhzation man looking downward usin- ks eves in reS 
3 tea filament This would nraifnre a ra-Kiit. Gtnrtlrcl OlTl rl fils I T¥»V>r 5 *MV 5V» T < ^ ^ 


stea filament This would produce a white smoke and the fili- 
metit would immediately bam out The absence of a gas in tbe 
bulb cLmmstes the loss of heat hy convection and conducuon. 

laer t Gas Biilfas,r— By fiJhag the bulb with an inert gas which 
will not chemically combine with the filament, the rate at which 
"be nlameat matenal evaporates is retarded. Tbe use of gas in- 


tm Md convection ot heat hy the gas from ihe filament In order 
to reduce the amount lost by coaducuon, the gas used should have 
as poor a Isat con^ctirfty as possible Onginaliy nitrogen was 
us< argsai with a small percentage of nitrogen is now used, 
lalb TanperatureSx—The melting point of glass is withm tbe 
of 2.200 to 2,Too= F depending on the kind of glass The 
tem^atare at which an ordinary buSi will soften is about 600“ 


^jciug and m other acuvities, has caused the a’^i^ of the eye to be 
developed accordingly, it not being horizontal but actually tipped 
doTvnwarci (,rce fig i, Eve, Anatomy of), wRh nerves equipped 
*■0 receive a strong stimulus irom below Thus when a stimulus, 
such as strong light, is given the eye from above, strain 13 hkely 
to result. Protection against a stimulus is one of the functions of 


creases the !« of energyW Mo the ffimpAGng to L; coMuc: i che^ffdrTo T “5 

m ad cORvection of heat by the gas from ihe filament In order ! bnihonr in latitudes 0 


onilmt sunlight or where the sun reaches a position almost 
directly overhead, such as is the case with the .^.ruancan cowbov 
and the Australian worker, wear a broad-brimmed hat. There- 
advisable to avoid strong illumination, no matter how 
Well dx^sed in the upper part of a room. Test of this fact may be 
made by shielding the eyes with the cupped hand after having 
D«ii iR a room for three or four minutes If there is any apprea- 
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F STANDARD REFLECTORS. AND DIAGRAMS SHOWING THEIR LIGHT DISTRIBUTION 


ecfor, 2S0 waits, an ejcfra heavy gauge sUel 
otect've ard night coraiructiyn work Has 
th universal adjustment and simple device 

y floodlighting reflector for use In oeilings and 
Diagrani below indioatcs area of most 
lormined by photometer experiments 
ector, placed within a cove or trough near 
oom or display winoDW 

jilting reflector for use in small Eoaoe, conch 


5. Larpe irdus+riaf reflector used in deep bay or nigh-ceiling rooms Th 
type of reflector gives a wipe distribution of light and is used 
foundries, gynonasi jins and auditoriums Spiral oonstruction of r 
fieclor, together with curves. eliminaiEs shadows 

S Show-window reflector of angle type used in show-windowi where tl 
display extends for a distance up side walls o'- rear of the window 
7 Unit designed to eliminate back wali splash by reflecting light out fro 
wall The spiral and ve'tiaai corrugatisns tompleteiy break up t 
fitameut shadows, resulting m ijght wh'ch 15 absolutely free 
st>-aBVed or spotted effects, glnrig perfect illumination to space 
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"Li^hx and. Shadow,— I h Ebe avoidance of glare many systeaii 
been devised for the proper dittusioa of bigb intensities, 
.Among those which have bad great popularity are the so-cslled 
jadirect and semi-indirect methods vvludi project the light eiiher 
•.vholiv or in part against the ceiling from rthich it is reflected and 
ciSused Such sj stems generally tend to eliminate *he desirable 
variety of light and shadow If the lighting in a room is abso- 
lutely constant the ms uf the eye maiatains a constant aperture 
which ocubsts believe to lesiilt in fatigue, just as it is tinng 
to maintain 3 constant strain upon any muscle ef the body 
Some shadows in a room, therefore, are a relief and it is often 
not wise to eliminate them. 

Colou? and Mood. — The reaction of all animal and much 
plant life to the influence of the colour of light is remarLaole and 
lais Influence is felt very strongly by human beings Colours of 
light such as blues and greens near the vnolet end of the spectrum 
are depressing nr narcotic m their effect, wble those near the red 
ead of the spectrum are stimulating The mood felt m watching 
a sunset deepen and cool into bluer tones is quite different from 
that felt whiis sitting under a hrilhanr noonday sun Moonlight 
has a somewhat similar effect Often the stimulant of a too warm 
bght, though not a strain to the eyes, becomes distmctly dnng 
to the whole body and on the contrary', it is difficult to ' stay 
awake’’ m a too hlue light This fact must be kept in mind ana 
where possible lighting should be made suitable to the tempera- 
.mer,t of the individual or to the group of individuals, and at all 
times it should be made suitable to <he mood desired in the lighted 
room As an instance, the lighting in an office 0! a nervous, high- 
stning business man should be somewhat cooler than m that of a 
phlegmatic type, and the bright warm gay light which is pleasant 
in a dming-Toom may tuo quickly become tinng in a living-room 

AESTHETIC THEORY 

Accent of Essentials. — Many modem interiors have their 
lighting units arranged with an utter disregard for the particular 
lighting requirements of each room. A hvmg-room may iacor- j 
porate a beautiful fireplace, abov'e which is an overmantel paint- 
ing which often cannot be seen because the architect, nor having 
planned for the lighting of the picture, has placed wall-btackcts 
on each side, throwing the light, even though properly shaded 
only against the wall behind The result is darkness on the picture 
and distracting spots of light on each side. Properly designed 
Lghiing accents the essentials, illuminates the outstanding features 
and allows shadow lo soften the less important pares just as 
trom 3 practical viewpoint, properly designed lighting in a factory 
iPumina^'es that part of a machine which the workman must see 
clearly This fact is brought out m Plate I . fig 4. which shows 
a lack of properly accented high-light The lule can however, be 
earned too far, as shown in fig 5 in which the shadows are *00 
marked and the tops of the benches too brilliantly accented Fig 
6 shows a very pleasing arrangement in which there are some 
shadows toward the back of the room with a general illumination 
and a more powerful speci3lj.5ed iliummation over each bench 
These appear to be non-aesthetic considerations but they serve 
to point out the practical reasons which undoubtedly underlie the 
aesthetic principle, and m treating a room it will be tound that 
the result of a strong general illumination of the indirect type is 
tiresome, while the treatment of a room incorporating highlights 
drawing attention to essentials and permitting deep nch shadows 
Will make the room more interesting 

Composition. — ^Not only is it necessary to accent essentials 
but it IS eqaaEy necessary if the interior is to he beautifully 
lEuminated, to consider the composition or pattern of the light 
areas Thus, the use of a powerful central unit or of a srnng of 
equally spaced wall-brackets cannot possibly promde the beauty 
of composition obcained through a varieiy of carefully considered 
units, perhaps illuminating a series of paintings of various smes, 
a tapestry and nearby doorw’ay or some other pre-arranged feature 
of the interior 

Soctrees- — Many of the more beautifully fitted modem interiors 
depend for their light upon hidden units such as hollow-cove 
arrangements around the moulding of a room which shed a soft 


iHumiadtion upon the ceiling or hidden reflectors in mantel-piecet 
which may throw a light upon orsetnents aoove It is question 
able, however, whether such arrangements disregard an imponani. 
possibility for the aesthetic enhancement of a room. From tiie 
time when a caveman sat and dreamed over the embers of his fire 
man has thought of light as being beautiful, and ihe.-e is no doubt 
but what the source of light can often he made a-^ beautiful a- 
the o'Dject iiluminated. (See Lamps, Moherx } 

Sympatlietic Colour, — Colour iray be considered to consi;.. 
of only those rays of light which are not absorbed bv’ an objeci. 
and which are reflected to the eye Any colour, i: illummated bj 
a fight made up of its pure cotnplemenury colour w'lll appear 
black. Pure wmte light or its approximsie. daylight, will show 
colours in their true v'aluation Many beautiful colours which en- 
hance the general effect of an interior m the day-time may be lost 
at night Intenor colour must be studied thereiore from the view- 
point not only of its creaimn of mood but for the purpose of 
sympathetic relationships with the colouts ongmaliy provided 
(See Light ) 

EQUIPMENT 

The equipment with which the foregoing general theories ia 
fighting can be earned out has oeer parPahy described m the 
early section of this article, and further reference will be found 
m rhe articles' Optics, Light; Lenses 

Refleciors and Spotlights. — hloaern standard reflectors as 
shown m Plate III. illustrate the fight areas proauced m various 
types These reflectors can he introduced with proper ventiktion 
inco comparatively small areas, maluag it possible to project fight 
in almost any way Spoth^/i^s can be obtained which wail illuminate 
a& desired a given area, fiond-h^kis are designed to throw a prac- 
tically flat or even value of light over a broad area, other re- 
flectors, such as those often used for shop windows, combine the 
two functions and throw a broad area of flood-light, as vvell as a 
concentrated area It is well therefore, uben planning tne light- 
ing of an interior to consult 2 speciahsc who has made a study 
of reflectors and who can meet the necessary requirements 
REyLECTORS ) 

Luminares or Chandeliers. — ^Besides these more modern 
methods of proj’ectmg light it is still the custom to rely upon 
fiiEtures which wuth certain modifii aisons are similar to those 
onginaily designed for the holding oi candle or oil-lamps Thus 
in Plate II are shown chandeliers (fig 2 and 3; closely designed 
after the oid-iaahioned oil-buming or candle-holding types The 
candles have been eliminated and reflectors so located as to pro- 
duce a typical indirect lighting system adequate for this use The 
question has been disputed aesthetically as to whether the old 
forms are best suited for tfle uses of electric light It is believed 
by many that modern fighting fixtures should be more scientifically 
designed than as is done at the present iime How'ever such im- 
port,int ornaments as chandeliers must closely hsrrnonize with the 
architectural treatmeni ot a room and it is therefore necesiiary 
that the designer consider both the new element and the position 
of the art object which is to hold it 

Sconces or Sidewall-brackets. — ^MTuIe these are used some- 
times to provude general illutmaatiou the present teodency is to 
treat them as a source of local illummauon. When used they must 
be properly shaded and the general designs should be such that 
they fit m with their architectural surrounUings The architect 
should be warned, moreover, that the little sciolis with which his 
draftsmen often decorate a plain wall area which seems to need 
some design in it may unless the sconces &a indicated are con- 
sidered from the viewpoint of light, become unpleasant blots of 
white illumination which are likely to ruia his scheme 

Lamps. — Under the article Lamps, Modeiin, the general de- 
sign and use of lamps has been treated, but it may be well to say 
here that one should avoid the use of too many units of portable 
lamps just as one should avoid them where possible on the wall 
and it is well to keep in mind that the primary use for these 
portable units is that of providing light where it is found to be 
actually necessary for one purpose or another, such as for read- 
ing, for writing at a desk for iilumination of the keyboard and 
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■Ta 'be to ^s: Ucii oi £ks njorc Inportinc 

rco'n cad lo ■ftork o'ji tie aresa of li^ct ,* a pJocsant 
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a. Suc.i screens can be Deautifokj’ decerarive in : 


an be lo'np bou be rougb.y proprSi tioneu v?Jth attratiun 
only tc the proportions and masses ot chat elevation, for. as 
pointed out in the- article Laufs, AIodern', the size of the lamp 
boa btile or nuiamg to do with the candle-power or the area of 
tight which i- desired kfter these prehmmaries ttie lamp shoii’d 
be carefully designed su as to meet the requirements; (r) as 
area tad candle-power ot light required,' (a) as art objects in the 
1 room are proportionate with the table upon which they stand 
and with their surroundings in general (Sec Lamp Design.) 
It .3 recognized that tas use of a large amoimt oi data would be 
necessary to obtain these results Some of these data may not be 
av'aiuble for the particular problem at hand 
The present broad problem is to bring to all homes good hght- 
ing laac wih sateguard the eyesight, 

The general system cf effective lighting is often more a matter 
cf expuraiesadoa, although the underlying and guiding pnti- 
‘V £> At^ r-ia ;-n ozzen he placed so as to throw -m interesting .' ciples are the same On the side elevations of the room or the 
And nssjd:'.. h-’i: upor. j picture or tapestn’ hehiro them. I walls as they appear with ad the furniture and various ornaments 
Uimmers.— Alary systsms of lighting .riChade tne use of dim- 1 and decoration'- certain important elements <Jt the decoration 
wing ar-paritJ- s-'npj constructed nith resistance coils which, j must be noted concerning the intensities of light desired for often 
tifi syst's’n mccade? ref icllow and bl-e lamps can produce j parts of tbs decoration wJI demand more illummation than others 
by vanoas lifcndm.gs a v..de rang: ot colcors and tmci and which ' Wnen these ideal arrangements have been pianned jt is necessari 
have the added advantage o: a range control of the candle-power , to dense means for meeting tneni Sometimes a pdinting or tapes- 
thus aijLng it possiole to acquire diberen; tones of ilght.ng in > try hanging aboie a table upon which stands a reading lamp can be 
;ae iame room. ' beauiifuliy iliuroinited by the introduction of a thin or traiii- 

Stain , — The colour of light can be gaverned to a certain ! paarent area in the back of the reading lampshade itself Small 
Cigree by the colour of the ongmal lamps or by ihe introduction ' spotlight equipment can be employed in tie establishment of 
ct gJasi plates in front or reflectors, in the .making of reading these areas Even the sidewall-brackets can at times be utilized 
ump; the ^lignt of the shade can control to some degree the and shades made for them which will diver: the light to one or 
colour of light, The nrst methoas aaisss employed in conjunc- , a.iother side as is required In the treatment of the modern ait 
uor with dimmers, are o: Kctle \'a-uc The latter method is ‘ rooms much thought has been given to the makmg of lighting 
i.niittd ;a scope and has tne aitadvantaeis that the shade when so ■ areas which are in themselves beautiful The method of arriving 
'rested usaaiiy appears qmta diaerer.t from the base for wbch it ' ' . . . . ... 

\i^s dcS'gned Stams. howeier have been dc\„-.ed which wiii last 
rearlv as long, •when propjriy applied a* the electric lamp itself 


at them is the same as has already been described 
It has been stated that the general system of lighting in a 
, room is devised lor the purpose of generally enlivening it and 
and tnese stains can be ootained in a wide vaiiecy of clear | one would suppose that it is therefore necessary to include in tLs 
onlhant co o'^rs whica can be imsed to any hue cesmed The ' general system a considerable candle-power This confronts us 
application consists aimotj of thorougniy cleaning the bulb, then , with the problem of eliminating the eye- strain 'which occurs when 
’ightmg It until it is warm; after which is dipped into the stain the upper part of the room is too bnibant The solution lies la 
wbufc quickly and evenly dries. It is advasable to keep a quantity ' the application of the rule of colour and mood By keepmg tbe 
*i toe pri.T.ary^hues of colour on hand^to laaiitate in the misng i mtensity to the ■minimum and warming the general system 
ot the esact tmt ■'Ahich may be required ^ The liquid used for with amber tones it 'will be found to be quite as effective in adding 
irostisig may ee empioied in the making of tnese tints lighter as j glow to the room and eliminating e5’e-stratn 
It IS nearly pure wh-te There are aho availadle on tbe market Diaing-room,— The problem of properly lighting the dinmg- 
.amps tn a great vanety of colours These are either coloured by a | room, in which people sit near the centre around a table, is a 
.uperecial spray coitmg or more recently made -ftiih permanent | diftcult one Anv wall treatment is bound to throw the shadows 
coiuuniig on the msme m the halo But it is seldom that these [ of the people sitting around the table upon it Many modem 
reason t,.at the_ coloration is so crude i designers have simply evaded the question and the result is chat 
t it may be ■ manv people use candles UDon the table. If the table is large 

candlesticks properlv designed, wax candles are 
vn^tv thi"^ ‘he reressirv the market such a ver>' beautiful but they are likely to cause a considerable amount 

tinety thi. .he r.ecessK> tor .he use ot stains wall be ehmmated. | of glare if near the eye-level of people sitting about the table 


TIGHTISG PRACTICE IN THE SOME 


foregoing pnncip'es the various common problems ml! be trea'ed 
separately ■"' 
r«htmg of 
n^easure 1 ; 


The simplest inetuod for meeting the problem is through the use 
Y_ , ( of a chandelier properly shaded to throw the light downward upon 

in order m gne the read« some idea of the application of the ! the table 

However, the whole tendency of modern decoration is toward 

cbeme Tndireci 
uninteresting 



_ :mg- It is during the evening particularly 
iMt proper lighting has its greatest signihcance 
The Liviftg-xOTm--- Tha living-room should be treated with 
wo systems of lighting; (i) the special syitevi consisting of 
re3diag-lamps,_pffino-bmps, desk-lamps, etc., and ( 2 I the general 
n'iteii. consisting ot ade-wa'i-brsekets chandefiers, general lUiimi- 
natjon of ps-intlngs or other features. I" may be said that the first 


result •without proper accent to the table. A reasonable solution 
seems to be tbe introduction of a small spotHght with adjustable 
focus either partiall)' or ■wholly ia tbe ceiling; covering this may 
be a small ornamental meddilion, of plaster iron-wiork, or other 
material suitable to tbe architectural treatment Such a lighting 
unit wilt throw a beam of light of the required intensity do'wn 
[ upon tbe table itself and as the angle of incidence is almost per- 


■vs-sessi is lof ruMi-tiVsi t-eo «(■ ..... iUBcu anu as me angle ot incidence is almost per- 

L-ed cbkiv to bn<''hten and pnlivfre its/' ^ I pendicular there is not likely to be a resultant glare in the eyes 

i'aTfiL ® 1 table. Moreover, tbe highlights of the 

i li necessary | glass and other table-ware will be brought out in tLir fullest 

mmitui? il TrLf iHch reouire tTll , I ‘Y- ^be dimng-room light should be somewhat warmer 

carefuUy marked on *hls 'T- brilliant than that m the general system of 

poa these e.eva- , spent in the dining-mom and a Tvarm light rending to create a 
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V) ti noo d d ge on 

The Kitchen. The p oblcHJ o tx k tcken duefi cae o. 
e rr ns on of shadow nd he procuring of adequate ligh? in ali i 
places ivhere needed The sink, the top of Lhe stove and even the I 
inrtnor of the refr.gerator and other cabinetb must be clearly ! 
dlumnateG For this ourpose a csrett or a semi-ir-direct unit can 
used olated m some central position and aided if it does no: meet ' 
u.I the requiremeats, by one or two smaU units. It is highly i 
desireolfi tiiat the kitchen, wails oe white or a verv tight colour. 
An interesting comparison of the result of wall treatoiuits , 
:s snown fa Plate I (figs. 2 and 3) in which the lighting ■ 
arrangement is identical, but where ihe wall treatments vasy ' 
Aesthetic problems need relatively httie consideration m conne'c - 1 
tion with this room as its chief hghiing requirements are toward 
<-he procuring of sandatioa and eftitiency. Si is not so harmful to 
use in indirect system in the kitchen as it is seldom occupied for 
iorg periods If. however, the housewife is doing her own kitchen 1 
work it is advisable to cut aown candle-power and somewhat m- 1 
crease the wannch of the light, and if considerable time is to be i 
spent m this room individual shaded units should be installed ( 
where required, in addiDon to a general semi-mdirect unit of low' i 


bu kt 00 ec on he bed de tabai wbiih is one oi the smallest anc 
mosc coiigestfd pieces cf fum^iure in the home 

LIGHTING P3ACTICE OUTSIDE THE HOME 
The O^cfe — The lighting ot a private office should be noc 
unlika that os a iiving-room or Iibrsry and should constSt of both 
the apecisJ and general St sLema There la a strong tendency toward 
the making of these rooms much more homelike than heretofore 
with, {^rhaps a more severe and durable aspect. Indindual kaip.> 
should be so placed to the right or left of the desk-pad as to shed 
a proper reading light upon it and the upper part of the roam 
should be aonewhat m shadow. If tie walls are undecorated it 
is necessary to make as? of a simple lighting fixture of the seml- 
indirt’ut type with not too high cinule-power and a warmed light 
amber being perhaps most appropr.ate For large general offices 
in which many people are working it has been usual to have a more 
DnlJiant and natural-Pued system supplemented somevroes 'with 
special lamps over each desk. Fuch a system is shown ra factory 
use in Plate I,, Sg 6 thousrh perhaps the general over-head 
system for an office need not be quite so beautiful is is shown in 
itus photograph, as this level of iiluimnation was necessitated 


chiefly because of the danger of the various ntacbines if not well 
Trie Bearoom. — ^Even though a special room may be pioviaed dtnmiiiated. It is more reotful if the walls of an office of large 
as a dressing-room, or the bathroom used for that parpose. it is dimensioas are made a medium, dark colour, the loss of efficiency 
advisable to have a rather strong general system of lighLng m the hghting is not great. 

oedromn as it is here that it may be said one prepares oneself to > Sb.op Windows, — In Plate TL examples are gnen of an eSec- 
go out to meet the world and it is often necessary to be able to bve modem shop window, one properly and the other improperly 
see the efiect of a costume or otherwise aid in dressing This, illuminated The purpose of a shop window is to auract and hold 
general system should he of high. intensHy as it need only he attention to mereband’se and this purpose is often defeated by 
used occssionally for a comparatively few minutes. It is'also the flood-light systems commonly used. In fig. 4 the dress, coat 
desiraoie that this system be a white or nearly white colour and shoes are only incidental to a huge sweeping design brilliantly 
clear as possible This system often consists of a combination of ihnminated In fig 5 the gowns and other accessories stand out 
bidewall-bracsets and chandeher the sidewall-brackets perhaps strongly against the aark background. High intensity of lighting 
shaded for more general use, and the chanaelier being depended m a window, if not propeny done, may submerge interest in the 
upon tor brilliancy In addition, each dresser or dressing-table merchandise and cause the passerby to react against it The 
should have soiali lamps upon it. often of the candle-stick type I counteracting of reflections in the glass of shop windows by the 
which cake up little room on the u-sually congested tops of these powerful illumination within, is helpful during the day- 

tneces of furniture time These refieefions are however, hkeiy to be so strong that 

These ktnps should be provided with shades which either tip they cannot be overcome during the brighter part of the day and 
or turn so that a dear light may 'be had on the face of one stand- they are so reduced at night that they are almost negligible Ope 
ing before them In addition to these arrangements it is often method coming into use is that of slanting the glass of tne shop 
necessary to introduce a suspended reflector above the dressing- window inward at the fop so that it stands leaning back^vard about 
labte, m case che chandelier does not give a sufficiently clear light 3°" from the perpendicular If then an awning 15 employed of 
properlj directed to be able to see the hair This unit cam'be an even dark colour on its underside, the passerby looks into the 
adjustable to various heights and angles, and though shaded to window and sees o.ily rbis awning reflected in a flat even cone 
permit a pleasant glow thro'ugh the shade, should direct a clear The effect of windows so conscnicted is to give the ixapr&ssion of 
beam of tight It is well to have ffie chandelier and this suspended no glass being used and the result is a tremendously increased 
unit on the same switch, with a separate switch for the control efficiency. 

of the small lamps upon the dressing-table, bedside lamps, floor The Store-— The same prindples of concentrated interest and 
lamps and other units If a floor lamp is used near a chaise-lcunge attention by the use of proper lighting apply to the interio? of 
it should be small, light and easy to move, and so shaded that one j the store Strong general systems of high illumination while still 
does not see np lendmwath the shade ■when rechmng When this f mdely used, are being elraunated m favour of general sysiem" 
problem is difficult it is sometimes necessary to make a circular ; of a subdued and warmer hue. Speaally jllumiaated show-cases 
or half-circular shield which 6ts up underneath the shade and ! have also come into use. as it has been found that they accent 
damps on 10 the centre stem of the lamp, allowing its outer rim ! the merchandise, showing it off to best advantage. In the lighting 
to meet the lower edge of the shade These shields can be made in of these cases sympathetic coiour must he carefully studied, for 
quarter segments and simply turned underneath the shade to shield surh merchandise as does not have to be definitely matched can 
the eyes of a person reclining, be made to look more beautiful fay being shown in, the right 

_ Makers of lamps frequently make floor-lamps too high and bed- colour of light It has been found that silver seems more brilhant 
side lamps too low The bedside lamps should be so designed that and beautiful if displayed in cases m which the electric lamps 
!Jie lower edge of the shade is a little above the level of a hook are aiternately arranged, dayhght and ordinary tungsten The 
held in the hands of a person reciining Tipping a shade is always rich warm quahties of wood in furniture stores can be shown off 
unsatisfactory, as the shade when rearranged usually sits askew, to hest advantage with an amber-tinted light and it is not ira- 
AToreover, when it is so tipped it throws the full brilliancy of a possible to have a furniture store so arranged with booths or 
iigbt against the opposite wail, causing an unpleasant glare both alcoves that the effect of specialized lighting 15 obtained. A beauti- 
direct and reflected, If the bedside lamps are designed to take ful table-top which appean, uninteresting in the ^op may be 
up as little room as possible, and to be of the correct height, all surprisingly rich in colour when seen under the library reading 
that is necessary i.? to place under the shades the same sort of lamp. Meat-markets, grocery stores, etc , should present, on the 
shield described above so that it can be moved to protect the contrary, an aspect of sanitatbn, and there is nothing so effective 
eyes of the person reclining One type of bedside lamp fs made as as pure white colour for the walls and a brilliant pure white flood- 
part of the head of the bed or another may be attached to the wall light 

above the table This is a practical feature as it does away with a Schools and Lihrasles- — ^Biologically it is unnatural for man 
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'^^uLsts assen that iks hanm is helpful m elimination of eye- 
stra:.-: In order to elmiirate glare i: )s well to have tiie tops 
c: desks nnisbec ui'h a cu'i mat in a dark lone, and where 

tr W-Jl tfT'H’li.t 


study IS tjk.ng place it is alsn advisable to "warm" | 
me ini.i.cuai unis of kaits, ibus creating a sligii stimulus j 
Wren ogh. p-S}'; only upon the narrow surface which is of in- [ 
"t-Te't 31 wul be fcjnc far easier to concentraie the attention I 
Lecture haha should be coitsicered m much the same way as I 
theatres and there 5= no real reason for the keeping of the audience j 
tinier a briH’ort illommation which tires the e>es. ^Wre tne j 
reaction a: *he schoolroom class to nha: is being said must be 


'va; 


:hed ly the lecturer, a soft jllumnution ma> be used, but 
under an cordittOBs sbouid this illumination be kept at the full 
in;e.'’&cj required for entrances and etisti Many- yawns in audi- 
ence? njnns lectures have their res’ cause in a siraining li ghting 

-yster> 

Cburches^The problem of lighting ciiurches is largely the 
same, bu: as a rule a nigher fantp wattage is necessary because the 
wails are usually darker and more omametiiai Great care must 
he used to cvoid an almost hypnotizing glare which is likely fo 
occur on organ pipes '\ arious spotligftts should be arranged to 
throw irtto sharp rebef the face and bgure of the speaker Ade- 
quate dimnmg systems must be included in order to obtain all 
the a'a-’ous effecis needed iunng senices and the celebrations 
of cbur-a hohnay ceremonials Frcm the aesthetic viewpoint one 
mnsr twc bse sight of the principle of accenting the main features 
o. :be d'='35gn Relief carvings must be illuminated bv the use of 
■.cretrs or rpotligb's to brmg out the modelling kamed-glass 
wirdctvs which often appear dead and colourless at night should 
be eqaip^d nith lighting arrangements on the outside so as to 
snow tbei: full beauty dunng evening services Other arrange- 
ments most also be made on tie inside of these windows so that 
•-he ehect of tbs building is enhanced by tbem at night Altar ’ 
puipit and other equipment most be caiefuJiy studied regarding 
iightmg requirements. It will often be found that various coloured ' 
lights if ret bnilisjit can be so used as to add considerably to their ' 
beauty and digmiy 

Hospitals — -Hospitals have bees designed as a rule with white 
or vp* hgbt-coiourpd walls and many of them are also ilfomi- 
narec iinth, pu-e whitE flood-%bts that may result in the coai- 
stsnt glare being very tiring to the patient reclining m bed 
even iscugh the light ts QiSused The general system of a hospital 
shmlobe. ufca that of a horary, or study-room', almost negligible, 
snd s'jpdaed to give a restful eSect. Over and above the head of 
«aca o^^there can be easily arranged on the wall a small lighting 
mnt hoidmg a 05 or 40 watt bulb, so designed as to he adjustable 
Wits a snutter to throw .he light down upon the bed rvith shadow 

'rTS These mils if properlv 

stored w.tb opaque metal shades can also be arranged as to oroject 
the hgh. no fur-tor than the foot ot each mdividm! bed, elWtat- 
!Hg aH gkre m the eyes of the person in bed at the opposite side 
of tto ward This arrangement provides a restful and yet adequate 
rearhng tisbt If mounted 3 or 4 feet above the head of the bed 
h IS conpleteiy oat of reach of the patient chough a co^d or 3 
pallyr^m switch makes it possible for the patient to turo b on 
or ah wi,h attle effort For special medical attention upon patients 
w -to ward !t is outo necessary to introduce .i more 


bjlb 0 b s uai 

The general Lghtmg system should be cool in colour so that 
when che indtvidagl Lghts are oft the ward is resiful and con 
dudve 10 sleep The general system should also be provuded on 
a second circuit with an individual switch coDtrolling lamps 
of high candle-power so char when required the wnole ward can be 
flooded with a bnlhant illurninsdon, thoagh this Llumirisbon 
shonlc never be used longer than necessary In, the treatment cf 
the individual bed lamps, screens of coloured or tinted gelatir 
should be kept on hand so that they can be slipped into a slot m 
front of the lamp tinting the light It will be found that these 
ir.Gividuai lamps will be p'-eferrsd by the patients and especially 
by convalescents in warm amber or rose tones, it the colour is 
not too deep, as these tones are mildly stimulaimg' and pleasant 
:n their efaeu OperaLng rooms should he equipped with adjust- 
able spotlight units, four or sis in numper so that they can be 
arranged to concentrate upon the operating table from dilferent 
directions Each one of -tbese spotlight units should have an 
adjustable shutcer so that the beam of hght can be cat do-im if 
j desired In addition a powerful vemi-indnect unit or units should 
I be used so that inscrument cabinets, etc , can be easdy seen It is 
I advisable that the walls of ihe operating room be a pure mat- 
! white and that all light be also white 

1 Streei-Jightiiig. — is noi possible io go into detail coii- 
! ceming all the various necessary requisites of proper street-lighf- 
mg. The writer believes that generally street-lighting should be 
accomplished through units w'hich are placed as high as is reason- 
ably possible from the street level, that these units be suScientlv 
close together to make it possible to shield them at right angles 
to the direction in wb’ch the street runs, so that the lamp itLlf 
cannot be seen more than 3 block away This allows the light ■^hed 
upon aa area which is sufficiently large to nuhe use of all of the 
light which It can efficiently give Long lines of street-lamps ev- 
tendmg into distance and reflected in rainy weather upon tbs 
pavements are very confusing It is also advisable that street- 
lamps be shghtly tinted a warmer shade, for m this way they can 
be d.$tingmshed-froni other lights along the thoroughfare without 
any lessening of efficiency. This article has purposelj' been wriiien 
without reference to technical measurements of Hght, as these are 
of broad use only to technicians who have made a study of lilmni- 
aatKin and engineering, and even those who are ex-pLienced in 
the work need to do a considerable amount of experimenting m 
order to meet all conditions. 

i The Tactory^tt was the common practice when electric light 
; first came into use m the factory to instah local lighting with indi- 
I wdual lamps usually without reflectors .irranged at intervals m 
the room, and systenis of this sore are commonly found in indus- 
^ trial plants to-day The first improvement was that of the addition 
of opaque (usually metal] or semi-opaque reflectors above these 
■units giving a greater efficiency of concentralion below them. It 
: was also found that by making the walls of an industrial plant 
light in colour a greater efficiency was obtained. A further im- 
provement consisted of perhaps the only legitimate use for indirect 
and senu-iiidirect units and there was a distinct advantage m their 
empIojTnent though ir was necessary to use a higher wattage at 
an additional expense Such a system supplies a uniformly level 
iliuramatiou ^throughout, eliminating sharp shadows and severe 
rantrasts of inteasity and making each part of the room in which 
in^are employed available lor productive occupation However, 
it has beeu found (hat; this uniformly flat and neccssaniv high 
degree of illumination was tiring to the eyes of the employees 
m pants so treated, and certainly the most efficient arrangement 
IS the combination of the two systems simila- to the combination 
> Q^senbed under tbe treatment of the consisting; of 
a senes of i^its in a special system, designed to produce a con- 
centration of light i^n the actual work in band and a general 
s^tem dragned to eliminate all the dangers encumbent upon am 
pian -which aamits too dense shadows about tie moving machines 
or the workshop 

The spenal system should be carefully arranged mth attention 
paid to each umt so that unpleasant and hampermg reflected glares 
are avoided Care must be taken a so that each un t provides only 




